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PREFACE 


This voluiue has for its object the bringing together and co- 
ordinating of the observations which have been meuie np to the 
present time on the spectra of the various orders of cosmical 
bodies, in coimection v^ith laboratory work on which I have been 
engaged since 186^ ^ It embodies in a connected form, amoztg 
other matters, various Beports printed by me to the Solar Physics 
Oommittee, and subseg^uently communicated to the Boyal Society; 
the President of the latter body having given me permission to 
utilise them as I have done in the present publication. 

. The work now considered follows logically upon research^ 
which suggested that many solar phenomena might owe their origin 
to the Mis of meteoiitio masses upon the son’s sur&oa Tbia sub- 
ject I dealt with in a former book. The OhemOry of the Bm, 
published in 1887, to which, in faci^ the present volume is the 
natural sequel. 

Since the book has been in type, advances have been in 
several of the lines of inquicy touched upon — the photographic 
study of nebular spectra may be cited as an instance — ^which 1 
should have gladly mcluded ; but as no new point of tbHOTfltinft l 
.jjaportanoe has been raised, I have thought it better not to delay 
^ j;mblioatlon in order to treat them in detail 
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It may be that I should have added a final chapter, giving an 
account of the objections raised to the views here expressed. I 
have not done this because such objections as have been formulated 
have dealt only with small details of no fundamental importance 
for the hypothesis as a whole ; and because, so fax, it has becSa 
difficult for any one to deal with the hypothesis in its generality, 
in consequence of the number of separate memoirs in which the 
results obtained from time to time have been published. 

It is not in the nature of things that a large mass of detailed 
work and inquiry which has taken my assistants and myself three 
years to get together shall be found free from enor, especially 
since observations made by many men in many lands, frequently 
under conditions of groat difficulty, form part of the basis of the 
discussion. Nor, again, is it likely or even desirable that the 
general hypothesis, if it bo found of any value at all, shall not be 
improved when fresh minds are brought to bear upon it. 

When the time arrives, I shall profit more than any one else 
by any valid objections that may bo raised, and I shall be careful 
to reply to or accept them. 

As the work proceeded many crucial tests were found, e^. in 
the so-called continuoas spectrum of some nebuke, the spectra of 
bright-line stars, and the differentiation of stars of Vogel’s Cfiass IIo 
into two groups, for which a telescope of large aperture was 
essential In the body of the work I express my obligations to 
Mr. Common, F.RS., and the Brothers Henry, of the Ba3tia 
Observatory, for the assistance they have rendered in enabling ms 
to apply the tests in question. 

My thanks are due in this place to Professor A. S. Hersoh^ 
RRS., who permitted me to consult him on the early portk«ui 
the book dealing with lominous meteors, and was kind enough 
look over the pioofri; and also to Mr. Enott, who has 
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permitted me to draw on his knowledge of the phenomena of 
variahle stars. 

I must also express my obligations to Mr. Eoberts for generously 
permitting me to reproduce some of his marvellous photographs 
of nebulae, and to Professor Pickering for forwarding to me some 
of the equally wonderful photographs of stellar spectra, which 
worthily form the basis of the Draper Memorial 

Among the assistants, on whose skill and industry I have 
relied for carrying out the details of the various investigations and 
the general reductions of observations, I must first mention Mr. 
Fowler, the Demonstrator of Astronomical Physics in the Normal 
School whose aid has been quite invaluable, and whose keen 
interest in the work has never flagged. To Messrs. Taylor and 
Gregory I have chiefly looked for bringing together the work 
done at other observatories which has been discussed in this 
volume. ' Different branches of the laboratory and observatory 
work have fallen at different times upon Messrs. Atkins, Spencer, 
Porter, BaxandaU, Coppen, and Sergeant Kearney, RE. 


J. NORMAN LOCKYER 
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THE FALL AND NATURE OF METEORITES 
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OHAPTEE I 


ANdEUT ASD MOBEBir BEOOBDS OF FALLS 

Although Eatuxal Science as a whole is a product of the modem 
world, this is by no means true of all branches of it ; in a o Tue , by 
diving into the history of the past, we become acquainted witli the 
phenomena which most forcibly impressed early man, and the 
effect produced by them on his mind. 

Such an historical retrospect is of special interest in connection 
with the subject-matter of this book, for we leam from it that the 
falls of "stones from heaven” have been as constant in post 
as in times present, and we are brought face to face with the 
stupendous awe inspired among whole peoples by what were con- 
sidered to be omens coming visibly and directly from the Immortal 
Goda The word omen really understates the old belief, for in 
many oases meteorites were placed in temples and regarded as the 
impersonations of the deities, even in Greece as well as in the East. 
In the temple of Aphrodite at Paphos and in that of Apollo at Delphi 
a conical stone stood in the place of an image; these were in all prob- 
ability meteorites like the image at Ephesus, mentioned by St. Paul, 

The earliest fall recorded in the annals of the Western world 
dates from 1478 B.O. It happened in Crete, but the record is much 
more doubtful than that of the falls in 706 and 664 B.O., noted, the 
first by Plutarch, and the second by Livy. 

But it is agreed on all hands that the first fall to which the 
greatest interest attaches, was observed in the Thracian Ohewo- 
uesus, on the banks of the river .%ospotamos, 468 b,o. Aristftjie, 
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Plutaxoh, Pliny, ^ and other ancient authors refer to the circum- 
stances of the fall, which are also recorded in the Parian chronicle 
engraved on marhle, which is now one of the glories of the Uni- 
versity Galleries at Oxford.* This meteorite was as large as two 
millstones. It is noteworthy that in connection with it Anaxagoras 
was accused of having predicted the fall of this and others from 
the sun, wliich he regarded as a molten fiery mass.* 

Whatever its origin, it was held in veneration by the Thracians, 
and the stibsequent defeat of the Athenians in the neighbourhood 
was attributed to its vh-tues, Humboldt relates that the African 
traveller Brown mode a journey to Thrace to find it, but without 
success. 

M. Daubi-de, in his volume on the Intenor of the JEwth* has 
collected together much interesting information relating to the 
next great historic fall — that at Pessinuntia in Phrygia in 264 B.o. 
This became the object of a special cult— that of Oybele, the 
mother of the gods. The Decemviri, charged with the custody of 
the Sibylline leaves, declared that the presence of the stone would 
bring about the expulsion of the Caithaginians from Italy, and 
with the consent of Attala it was brought to liome with splendid 
pomp, which clearly indicates to us how firmly its divine nature 
and origin were believed in. 'I'ho oracle of Delphi, on being con- 
sulted, declared that the most honest man should take charge of it, 
The donate having declared that Scipio Nasica was that man, he 
proceeded to Ostia amidst general rejoicing and accompanied by 
a train of noble Koraan ladies, who in turn bore it back to its 
appointed resting-place, the Temple of Victory. The stone itself 
was small and black, and had been mounted in silver ; the visible 
part bote a resemblance to a human face. 

^ JV. i/. vol. ii, }), 69. 

^ I learn iVom ProfeASors Pritchard and Gardner that the upper half of the 
marble slab disappeared at Arundel House many years ago. The remaining part is 
so damaged by weather and probably by fire that no intelligible photograph of any 
part of it could be taken. A transcription of the marble^ made when it was fia 
better preaerred, is given in Boeokh's Corpw /nseHptionum Grceeorumf voL ii p# 
298, 2874. ^ OomoSt Ott4*s translation, vol. L p. 110* 

* MdgioTU iwoisibles du Globe ei dee JSspam International Scisntlfto Bsde% 

p. 160. 
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The above instances — ^they might be considerably multiplied — 
will give an idea of the belief firmly held by the ancients that 
meteorites were of non-terrestrial origin, and of the superstitious 
veneration accorded to them in consequence. 

A perusal of the Chinese annals — which reach back to the 
year 644 before oux erf^ and are still models of patient record — 
shows also in the most definite manner that since the very com- 
mencement of human history, in the East as' well as in the West, 
falls of bodies on to the earth fi»m external space have been 
noticed. Biot has traced in Ma-tuan-lin the record of sixteen 
falls from the date before mentioned to 833 A.n. 

Many meteorites fell during the Middle Ages, but they were 
no longer regarded as celestial omens, though they were con- 
sidered worthy of the notice of emperors. One that fell in 1492 
at Ensisheim in Alsace was, by the orders of the Emperor 
Maximilian, hung in the church by an iron chain, and it is still 
preserved in the town hall. 

In more modem times, naturally a keener and more intelligent 
observation, combined with a larger inhabited area, has largely in- 
creased the number of recorded falls. It will be sufficient if we 
here refer to some that have fallen in Britain. 

The first is stated to have occurred in 1622 in Devonshire. 
The second in 1628 in Berkshire. The circumstances of this latter 
fall are recorded in a very rare tract, a copy of which is in the 
British Museum ; its title runs — 

Looks Yp and See Wonders : a miraculous Apparition in the Ayre, 
lately seen in Barke-shire at Bawlkin Qreene, neere Sbtford, 9th April 
1628. (Imprinted at London for Boger Mitchell) 

It begins as follows — 

So Benummed wee are in our Sences, that albeit Ood himselfe Holla in 
our Bares, wee by our Wills are loath to heate him. His dreadMl Pnrsiuante 
of Thmder and Lightniing terrifle vs so long as they have tb in their fingers, 
but beeitig off, wee dance and sing in the midst of o^ Follies. 

Then, proceeding to his task, the author tells how 

^ foure gnat quarter-masters of the World fmn 

in oiuill warres one dgainst anoffier. ... As for FirSi it 
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of late to warine vs, but at vnreasonable rates, and extreame hard conditions. 
But what talke I of this earthy nourishment of fire ? How have the Fires of 
Heaven (some few years past) gone beyond their bounds, and appeared in the 
shapes of Comets and Blazing Starres ? . . . The Aire is the shop of Thunder 
and Lightning, In that^ hath of late bin held a Muster of terrible enemies ^ 
an<l threatners of Vengeance, which the great Generali of the Field, who Con- 
ducts and Commands all such Armies (God Almighty, I meme) auert from our 
Kingdome, and shoote the arrowes of his indignation some other way, upon the 
bosomes of those that would confound his Gospelh . . . Many windowes 
hath he set open in Heaven, to shewe what Artillery hee has lying there, and 
many of our Kings have trembled, when they were shewne vnto them. What 
blazing Starres (euen at Noone-dayes) in those times hung houering in the 
Aire ? How many frightful! Ecclipses both of Sun and Moone ? ... It is 
not for man to dispute with God, why he has done this so often . . . but, 
with feare and trembling casting our eyes vp to Heauen, let us now behold 
liim, bending his Fist onely, as lately he did to the terrour and affrightment 
of all the Inhabitants dwelling within a Towne in the County of Barkshire, 

. . . I'be name of the Towne is IMford, some eight miles from Oxford, 
Ouer this Towne, vpon Wensday being the ninth of this instant Moneth of 
A^jHI 1628, about live of the <dooke in the afturnoone this miraculous, 
prodigious, and fearefull Imndyworke of Gcxl was i»reRented. . , . The 
weather was warme, and without any great shinve of distemperaturc, only 
the skye waxed by degrees a little gloomy, yot not so darkened but that the 
Sunne still and anon, by the power of the brightnesse, brake through the 
thickc clomls, . , . 

A gentle gale of wind then blowing from betweene the West and North- 
west, ill an instant wus heard, first a hideous rumbling in the Ayre, and 
presently after followed a strange and feare-full peal of Thunder, running up 
and downe these puiirft of the Countrey, but it strake with the loudest 
violence, and more furious tearing of the Ayre^ about a place called The 
White Horse Hill^ tlian in any other. Tlie wliole order of this thunder 
carried a kind of Maiesticall state with it, for it maintayned (to the offrighted 
Beholders’ seeming) the fashion of a fought Battaile. 

It beganne thua ; First, for an onsets went off one great Ommn as it 
were of tkimder alone, like a warning peece to the rest that were to follow. 
Then a little while after was heard a second j and so by degrees a third, 
vntill the number of 20 were discharged (or th,ere-aboutB) in very good order, 
though in very great terror. 

^ Dr. Flight thua describes the vignette : “ The quaint vignette of this pamphlet 
gives such a graphic and awe-inspiring representation of ‘heaven's artillery' as 
would strike terror even into Petruchio's heart The heavens are depicted laid out 
as a scroll ; and, with hurricanes blowing, drums boating, and demi-culverlns and 
Bakers discharging meteorites, we witness the airy armies ‘grappling in the centxiSl 
blue.*" 
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Ih some little difitanee of tune after tliis was audibly beard the sound of 
a Drum beating a Betreate* Amongst all these angry peal^ shot off from 
Heauen, this begat a wonderful admiration, that at the end of the report of 
euery cracke^ or (kvmcm-thimdervrig, a hizzing Noyse made way through the 
Ayrey not unlike the flying of BvMets from the mouthes of great Ordnance ; 
and by the judgment of all the terror-striken witnesses they were Thnmder^holts, 
For one of them was seene by many people to fall at a place called Bawlkin 
Greene, being a mile and a half from Hatford : Which Thmtder-hoU was by 
one Mistris Qreem caused to be digged out of the ground, she being an eye- 
witnesse, amongst many other, of the manner of the falling. 

The form of the Stom is three-square, and picked in the end : In colour 
outwardly blackish, somewhat like Iron : crusted over with that blacknesse 
about the thieknesse of a shilling. Within it is a soft, of a gray colour, 
mixed with some kind of mineral!, shining like small peeces of glasse.^ 

This Stone brake in the fal : The whole peece is in weight nineteene 
pound and a halfe : The greater peece that fell off weigheth ffve pound, 
which with other small peeces being put together, make foure and twenty 
pound and better. . . . 

It is in the Oountrey credibly reported that some other Thunder- 
stones^ have bin found in other places : But for certainty there was one 
tapen vp at Leicombe, and is now in the custody of the SImefe. 

About the beginning of the present century other falls were 
recorded in these islands. 

In England there fell a stone in the afternoon of 13th December 
1796. A labourer happened to be working near Wold CJottage, 
Thwing, Yorkshire, when this stone fell within a few yards of him. 
On digging the stone out of the ground it was found to have 
penetrated a foot of soil and half a foot of chalk rock, and to 
weigh 66 lb. The inhabitants of the neighbouring villages 
likened the explosion to the firing of guns at sea^ while in two of 
them the sounds were so distinct of something rushing through 
the air towards Wold Cottage that some of the people went to see' 
if anything extraordinary had happened. 

The next account is firom Ireland. It is the narrative of an 
eyewitness of a fall of meteorites in the county of Limerick. 

^ Of the atones which fell at Siea», Italy, on the Idth of June 1794, one is thus 
desoribed : ** Yon Anssen war er sohwarz, Mde eine Eohle, inwendig aschgrau, mvi > 
mit Stdcken von Hetall veimengt.”— Yon Bnde, Maeaen und Staine, eta,, p., BO, 

* Dr. Flii^t is of opinion Ikat this is the earliest use of this tem,wldoh is 
in the bosatifQl song of “ Quiderius and Armsgos,*’ Oi^mbeUne, Act iv. 8oene ' 
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Friday morning, the 10th of September 1813, being very calm and serene, 
and the sky clear, about nine o’clock, a cloud appeared in the east, and very 
soon after I heard eleven distinct reports appearing to proceed thence, some- 
what resembling the discharge of heavy artillery. Immediately after this 
followed a considerable noise not unlike the beating of a large drum, which 
was succeeded by an uproar resembling the continued discharge of musketry 
in line. The sky above the place whence this noise appeared to issue 
became darkened and very much disturbed, makmg a hissing noise, and 
from thence appeared to issue with great violence different masses of matter, 
which directed their course with great velocity in a horizontal direction 
towards the west One of these was observed to descend ; it fell to the 
earth, and sank into it more than a foot and a half, on the lands of Scagh, 
in the neighbourhood of Pati'ick’s Well, in the county of Limerick. It was 
immediately dug up, and I have been informed by those that were present, 
and on whom I could roly, that it was then warm and had a sulphurous 
smell. It weighed about 17 Ik, and hod no appearance of having been 
fractured in any part, for the whole of its surface was uniformly smooth and 
black, as if affected by sulphur or gunpowder. Six or seven more of the 
same kind of masses, but smaller, and fractured, as if shattered from each 
other or from larger ones, descended at the same time with great velocity in 
different places between tlio lands of Scagh and the village of Adaro. One 
more very largo mass passed “svith great rapidity and considerable noise at a 
small distance from me ; it came to the ground on the lands of Braaky, and 
l>enetrated a very hard and dry earth about 2 feet. This was not taken up 
for two days ; it appeared to be fractured in many places, and weighed about 
65 lb. ! Its shape was rather round, but irregular It cannot be ascertained 
whether the small fragments which came down at the same time corresponded 
with tht' fractures of this large stone in shape or number, but the unfractured 
part of the surface has the same appearance os the one first mentioned. 
There fell also at tlie same time, on the lands of Faha, another stone, which 
does not appear to have been part of or separated from any other mass ; its 
skin is smooth and blackish, of the same appearance with the first mentioned ; 
it weighed about 74 lb. ; its shape was very irregular, for its volume was 
very heavy. ... It was about 3 miles in a direct line from the lands of 
Brasky, where the very large stone descended, to the place where the small 
ones fell in Adare, and all the others fell intermediately ; but they appeared 
to descend horizontally, and as if discharged from a bomb and scattered in 
the air*i 

Among the most trustworthy records of falls in more recent 
years are the following. The first deals with the fall of the 

^ Quoted by Maskelyne, Lecture Notes on Meteorites/’ Mtcrut X8TS, voL xfi. 
p. 485. 
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meteorite of 1885, near Mazapil, in Mexico. It was thus de- 
scribed by an eyewitness vouched for by Professor Bonilla ^ — 

It was about nine in the evening when I went to the corral to feed 
certain horses, when suddenly I heard a loud hissing noise, exactly as though 
something zed-hot was being plunged into cold water, and almost instantly 
there followed a somewhat loud thud. At once the corral was covered with 
a phosphorescent light, and suspended in the air were snudl luminous sparks 
as though from a rocket. I had not recovered from my surprise when I saw 
this luminous air disappear, and there remained on the ground only such a 
light as is made when a match is rubbed. A number of people from the 
neighbouring houses came running toward me, and they assisted me to 
quiet the horses, which had become very much excited. We idl asked each 
other what could be the matter, and we were afraid to walk in the corral 
for fear of getting burned. When, in a few moments, we had recovered 
from our suiprise, we saw the phosphorescent light Idisappear, little by little, 
and when we had brought lights to look for the cause, we found a hole in 
the ground and in it a ball of fire. We retired to a distance, fearing it 
would explode and harm us. Looking up to the i^y we saw from time to 
time exhalations or stars, which soon went out* but without noise.^ We 
returned after a Httle, and found in the hole a hot stone, which we couldf 
hardy handle, which on the next day we saw looked like a piece of iron ; 
aU night it rained stars, but we saw none fall to the ground, as they seemed 
to be extinguished while still veiy high up. 

The next record of the phenomena attending a faU in the 
United States (though the observer quoted did not actually see 
the fall) is taken from a lecture by Professor Newton * — 

The observers (he says) who stood near to the line of the meteor’s 
flig^l^ were quite overcome with fear, as it seemed to come down upon them 
with a lapid increase of size and brilliancy, many of them wishing for a 
place of safety, but not having the time to seek one. In this fright the 
animals took a part, horses fihying, rearing, and plungmg to get away, a:^ dogs 
retreating and barking with signs of fear. The meteor gave out several marked 
fiadies in its course, one more noticeable than the rest . . . Thin clouds of 
smoke and vapour followed in the track of the meteor. . . . From one and 
a half to two minutes after the dazzling^ terrifying, and swiftly moving mass 
of light had extinguished itseH in five riiarp flashes, five quickly recumn^ 
reports were heard. The volume of sound was so great that the reverbera^" . 
tfons seemed to shake the earth to its foundations ; buildings quaked aoiftK 



^ Naifwret vol. ixxv. p. 672* * The meteorite fell during a star ahoiflir. , 

» vol. xix. p. filA 
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rattled, and the furniture that they contained jarred about as if shaken by 
an earthquake ; in fact, many believed that an earthquake was in progress. 
Quickly succeeding, and blended with the explosions, came hollow bellow- 
ings and rattling sounds, mingled with clang, and clash, and roar, that 
rolled away southward, as if a tornado of fearful power was retreating upon 
the meteor’s path. 

About 800 lb. of stones, nearly 200 in number, have been picked up 
in a region 7 miles by 4, a little east of the end of the meteor’s path, which 
without any doubt came from the meteor. Some were picked up on the 
surface of the frozen ground. One was found on the top of a snow-bank, 
and about 40 feet away were marks of a place where it had first struck the 
ground. Some were ploughed up in the spnng. The two largest found, of 
74 lb. and 48 lb., fell by the roadside, and a lawsuit to settle whether they 
were the property of the finder as being wild game, or of the owner of the 
lands adjacent as bemg real estate, was decided in favour of the owner of the 
Imid. 



CHAPTEE II 


THE FHTSICAL CHABAOTEBISTIOS OF METEOBITES 

Tee first thing that strikes every one on looking for the first time 
at a collection of meteorites is that their general form has the 
character of being fragmentary, so that the idea is suggested that 
each meteorite is the result of a fracture. 

The next point observed is that there is a very great difference 
between the interior and exterior appearances of these bodies. 
That this is due to the heat and friction to which the exterior 
surface has been exposed in its passage through the air, freq^uently 
at a very high velocity, is proved by what was noticed in the 
case of a meteorite that fell at Butsura in 1861. Fragments of 
this stone yere picked up 3 or 4 miles apart, and, with the excep- 
tion of one comer, the original meteorite has been built up again 
by piecing the fragments together. The faces fit perfectly. Im- 
portant pieces of this meteorite are in the British Museum, and 
these are all coated with the crust, to which reference will be made. 
But, on the other hand, another of these fragments not coaied fits 
another also not coated. Hence, to quote Professor Maskelyne — 

We can asBert that this aerolite acquired, after coming into our at- 
moaphere, a acoriated and blackened surface or incruatatioiL The first 
explosion drove the fragments first alluded to asunder, and these became at 
once incrusted on their broken surfaces ; but others which were separated after- 
wards, probably on the last of the three explosiona, had not sufficient vdocily 
left [the heat beii^ at the same time reduced] to cause their incrustation in 
the same manner as was the ease with the fragments previously severed.^ 

> “ On the Structure and Origin of Meteorites,” Natwe, voL xv. p. i9S. 
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The supposition is that the temperature is practically high 
enough to melt the meteorite, and that its suiface as we see it 
after it has fallen does not in all cases represent the surface 
exposed to the am during the whole of the flight, but that it 
represents the last surface. The meteorite may have been twenty 
times bigger, but the rest may have been melted off like tallow 
would be, so that finally there is very little visible effect towards 



Fia. l.—MAZAPrii Mbtkokio Iuok (} natml hIsm;), bhowiwi TmiMn-WAaKs. 


the interior, as the melting is more mpid than the conduction. 
The thinness of the so-called crust or varnish, then, is caused by 
the air molecules carrying away the results of fusion as fast as 
the heat penetrates towards the interior, so leaving only, as a rule, 
a very thin film behind. 

This crust is usually dull, but sometimes, as in the Stannem 
meteorite, bright and shining, like a coating of black varnish. 
Sorby,^ on examining with a microscope a thin section of a 
‘ “Lecture Notes," loc. eU. {i. 487. 
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meteorite, cut perpendicular to the crust, found that it is a true 
black glass filled with small bubbles, and that the contrast between 
it and the main mass of the meteorite is as complete as possible, 
the junction between them being sharply defined, except when 
portions have been injected a short distance between the crystals. 
He writes — 

We thus have a most complete proof of the conclusion that the black 
crust was due to the true igneous fusion of the surface under conditions 
which had httle or no influence at a greater depth than of an inch 

In the case of meteorites of different chemical composition, the black crust 
has not retained a true glassy character, and is sometimes of an inch in 
thickness, consisting of two very distinct layers, the internal showing 
particles of iron which have been neither melted nor oxidised, and the 
external showing that they have been oxidised and the oxide melted up 
with the surrounding stony matter. Taking everything into consideration, 
the microscopical structure of the crust agrees perfectly well with the ex- 
planation usually adopted, but rejected by some author^ that it was formed 
by the fusion of the external surface, and was due to *the very rapid heating 
which takes place when a body moving with planetary velocity rushes mto 
the earth’s atmosphere — ^a heating so rapid that the surface is melted before 
the heat has time to penetrate beyond a very short distance into the in- 
terior of the mass. 

In some cases close under the crust is found a mixture of the 
minerals troilite, asmanite, and bronzite, of an unaltered light 
brown colour, although they turn deep black when raised to a 
temperature slightly above that at which lead melts.^ 

The crust or varnish of the meteorite in many cases contains 
numerous furrows and ridges, so that it is not eq[ually thick. 
This effect is caused, as it is supposed, by its motion through the 
air in a fixed position, the forward part of the meteorite, in regard 
to its line of motion, being most liquefied, and the liquid flowing 
unequally towards the hinder part. 

A very special study of the results of the passage through the 
air is a desideratum. Thus, in the case of the Tennessee iron, 
which fell without sign of explosion, and therefore probably with 
a low velocity, the outer surface is elaborately reticulated, edges, 

1 Flight, Sistcry qf Meteorites^ p. 169. 
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of thin laminEe of metal inclined at angles of 60° traversing it. 
Hence no fusion of the superficial layer took place.^ 

Another peculiarity of the surface is that it is generally covered 
with small depressions called “thumb-marks,” as they have been 
likened to the impressions that one makes when pressing some 
such substance as putty with the thumb or finger. The cause of 
these marks is unknown, but they have been found to bear a 
close resemblance to the irregular depressions which have been 
noticed on grains of gunpowder blown out on firing large guns. 

A possible cause of these pittings is thus suggested by Pro- 
fessor Maskelyne — 


The aerolite oomos into our atmosphere from regions in which the tem- 
perature — “the cold of space” — may range as low as 140° 0. below zero, 
and though the mass, from the absorption of solar heat, would possess a 
temperature much above this, it would nevertheless be intensely cold, and 
consequently more brittle than at ordinary temperatures ; and hence, on its 
entering our atmosphere, the heat it instantaneously acquires on its outer 
portion expands this, and tend.s to tear it away, so as to dissever the exterior 
from the interior, which continiios to be relatively contracted by the in- 
tensity of the cold which the aerolite brings with it from siiace. The 
consequence is, first, that little bits of the stone spring out all over it, 
leavmg those curious little holes or pit-marks which are characteristic of a 
meteorite ; and every now and then, as the heat penetrates, larger masses 
split away, of which interesting evidence is afforded by the meteorite, for 
instance, that fell at Butsura on 12th May 1861. 

On this it may be remarked that the pittings are common to 
irons and stones, wliile the above explanation only applies to 
stones. 

It is not a little worthy of notice that the pitting does not 
always appear on all the surfaces. In the case of a meteorite 
which fell in Kentucky in W7, one portion of it is very ex- 
tensively and regularly pitted, while the rest is comparatively 
smooth. The crust is dull black, and is as perfect ns when the 
stone fell There was a fresh broken spot of two or three square 
centimetres, which was evidently made prior to the fall, for a few 
small specks of the melted matter adhered to the surface.*® 

1 Flight, History of Meteorites, p. 108. = lUd. p. 200. 
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These meteorites, which we caa thus examiaei, are in all piob- 
abilitj, for the most parh remnants of larger bodies which had 
enough substance in them to stand the wear and tear of getting 
through our atmosphere. 

The fingments picked up even from the most extensive falls 
have appeared to those who have witnessed, or who have sub- 
sequently studied, the phenomena, to be strangely small in com- 
parison to the violence and magnitude of the apparent explosion 
and the luminous effects observed. 

Some of the startling results produced by the passage or 
meteorites through the air have already been referred to in the 
last chapter. They include terrific noises, sometimes like the 
loudest thunder and at others the booming of distant guns, or 
even rifle-fire. Clouds are seen suddenly produced in a clear sky, 
long luminous trails are seen, and in some cases the light produced 
is so intense as to be seen in broad daylight. 

The intensity of all these phenomena may safriy be attributed 
to the enormous velocity with which the meteorites reach the 
earth’s atmosphere. This and the consequent effect upon the 
meteorites themselves we must now briefly discuss. 

In some cases of observed falls the rate of movement of the 
meteorite through the air has been determined, or concomitant 
circumstances have enabled it to be roughly estimated. The 
velocities have been widely difihrent. Before they are stated, 
some terms of comparison may be given — 



Metres per 

Miles an 


second 

honr. 

Bailway trains 

27 neai-ly 

60 

iliglit of swallow 

30 to 40 

67 to 92 

Projectiles 

300 to 400 

670 to 920 

Sound 

836j nearly 

760 

Yenns | . 

/ 48,900 
j 36,780 

109,368 

83,162 

Earth ( “ . 

. \ 30,480 

68,052 

Mais ) . 

V 24,660 

65,136 


tTia highest vdooity of flight through the air has beau that'O^ 
the Stannem meteorites, 45 miles a second. The lower of 
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the flight of the Iowa meteorite was performed at 12 miles a 
second. 

In only a few cases have the velocities been observed to be 
very great at the earth’s surface, the retarding effect of the passage 
through the atmosphere being considerable. Some have buried 
themselves deeply in the ground, and one (Hew Concord) broke a 
railway-sleeper. Several meteorites have fallen so rapidly that 
the sound of the explosion foUoived them. But generally the rate 
is so slow that they are not broken on striking the surface, and 
some that fell at Hessle on ice only rebounded without cracking it. 

A complete explanation of the origin of the concomitant pheno- 
mena so universally recorded is not without its difficulties. M. 
Daubrde some time ago called in question the explosion hypothesis 
which has been so generally accepted, and Mr. Him has recently 
given attention to this problem, endeavouring to show that the 
conditions are similar to those present when thunder is produced 
by the rapid passage of a flash of lightning. 

He writes ^ — 

Tliti sound which wc* euU thuiKler i.s due, as everybody knows, to the 
fact that tlici air traversed by an electric spark, that is, a flash of lightning, 
is suddenly raised to a very high temperature, and has its volume moreover 
considerably increased. The column of gas thus suddenly heated and ex- 
panded is Kometimes several miles long ; as the <luration of the flash is not 
even a mdliouth of a second, it follows that the noise bursts forth at once 
from the whole column ; but for an observer in any one place it commences 
where the lightning is at the least distance. In precise terms, the beginning 
of the thunderclap gives us the minimum distance of the lightning ; and the 
length of the thunderclap gives us the length of the column, It must be re- 
marked that when a flash of lightning strikes the ground, it is not necessarily 
from the place struck that the first noise is heard. 

We have already seen that meteorites penetrate the air with a 
velocity of 40,000 or even 60,000 metres per second. With that 
velocity the air is at once raised to a temperature of from 4000^ to 
6000*^ 0, Because the meteorite is travelling at a velocity about 
fifty times greater than that of the air molecules themselves, the 
result is that there is a tremendous crowding of air, so to speak, in 
^ NatKrej vol. xxxv. p. S04. 



OHAP.n PHYSIO AL 0HABA0TERI8TI0S OF METEORITES 


17 


front of the meteorite, a tremendous pressure, and therefore a tre- 
mendous temperature brought about by its passage. There is a 
partial vacuum behind, which subsequently has to be fOOLed up by 
the transit of the molecules round the meteorite itself from the 
front part to the back. 

We have therefore conditions for producing most violent action 
upon the meteorite, both by pressure and temperature ; it may be 
crushed by the pressure to which it is subjected ; it may be melted 
by the heat produced by the circulation of the molecules rushing 
past it. We may therefore have violent incandescence and explo- 
sion, and as we have the air molecules rushing violently from front 
to rear, we shall have almost the noise of a thunderstorm added to 
the sudden luminosity resembling lightning. The matter on the 
surface of the meteorite will be tom away by the violence of the 
gaseous friction produced, and will be vaporised at the iw.Tn<^ time 
by the heat This is undoubtedly the origin of the smoke which 
meteorites leave trailing behind them. 

We have, then, precisely as in the case of lightning, a long 
narrow column of air, which is expanded; not so instantaneously 
certainly as by lightning, but at aU events in an extremely short 
tune and through a great length. Under these circumstances we 
should have the production of sound in the one case as in the other : 
a dap of thunder followed by a rolling noise more or less prolonged. 
Hence we need not regard an actual explosion as necessary to pro- 
duce' the noise generally heard. 

Projectiles from guns whistle ; but if a carmon-ball could have 
imparted to it a vdocity of 100,000 metres per second, it would no 
longer whistle — ^it would thunder ; and at the same time it would 
produce a flash, as of lightning, and would be speedily burnt up. 

The observers of actual falls have heard other special noises, not 
like thunder, due to the rapid passage of the meteorites through the 
air — ^from the whistle or “ping” of a rifle bullet to the hum of a 
locomotive — sounds which have been likened to the tearing of linen, 
the lowing of cattle, or the flapping of wings. 

These sounds have been heard when the meteorite, tra'vdUi^ 
TSith greatly reduced vdodty, has nearly reached the earth^s Bit' 

0 
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face. They are due to the fact that the air, rapidly pushed on 
one side in front of the projectile (whether bullet or meteorite), 
quickly rushes back to fill the gap left in the rear. 

We can best study the differences in the structure of meteorites 
by preparing polished sections. In some cases these have a dis- 
tinctly metallic look. We find, in fact, metallic fragments com- 
posed almost entirely of iron, but with a certain amount of nickel. 

The nickel in the iron meteorites causes them to have a whitish 
appearance, and it is from this cause that they have been mistaken for 
silver when found, the nickel preventing the outer surfaces from 
rusting as is the case with ordinary iron. 

By taking a polished section, and exposing it to the action of an 
acid or bromine, we obtain what have been called the “figures of 
Widmanstatten.” These figures are more or less complicated, and 
remarkable for their extreme regularity ; they are due to the in- 
equality of the action of the acid on the various constituents 
of the polished surface; those being various alloys of iron and 
nickel. 

In other specimens the characteristic is that the metal, instead 
of being continuous as in those previously referred to, appears to 
have existed once as a spongy paste, and to have included fragments 
of stony matter, so that in the section, instead of getting the pure 
metallic lustre all along, we only get it here and there. We pass 
from metal to metal stone. 

In yet other specimens we get another generic case represented 
in which the stone is the main point and the metal the exception, 
the metal appearing as excessively small granules ; so that in the 
final term of the series we come to almost pure stone, with no iron 
to speak of. 

In the case of the stones, not only does the meteorite itself give 
the idea of a fragment, as in the case of the irons, but the internal 
structure of many of them shows that the .whole meteorite is com- 
posed of fragments, giving the characteristics of a brecciated rook, 
that is, one made up of pieces cemented together. 

Further, these constituent particles, as pointed out by Sorby, 
are often themselves mere fragments, although the entire body, 
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before being broken, may originally have been only or of an 
inch in diameter. 

On examining thin sections of stony meteorites by means of 
polarised light, they are found 
to be crystallised throughout, 
the interference tints colour- 
ing the different crystals of 
which the sections are com- 
posed, thus showing the 
crystalline character of the 
whole. The stony part of 
both sideroUtes and aerolites 
is almost entirely crystalline, 2.— fiBono» op Maxapil MarBoaio Ibon (natural 

*' ’ BlzeX 8EOWIVO WlDMASBTATXSZr FICFUBIS. 

and presents a peoaliar "chon- 

dritic” stractuie, whicK makes meteorites differ from ordinary 
terrestrial rocks; the loose grains are found to be more or less 
aggregated into little spherules, and to be of similar minerals to 
those which enclose them. 

These spherules, or chondroi — their sizes varying very consider- 
ably, some of them being seen only under a microscope, while 
others are as large as a cherry — are found embedded in a matrix, 
made up, as it appears, of minute splinters sucdi as would result 
from the disintegration of other chondroi 

‘While the chondroi iu terrestrial rocks, such as perlite, obsidian, 
pitchstone, and many diorites, are radiate-fibrous, those occurring 
in meteorites are but rarely so, and the arraugement of the fibres 
within the spherule is eccentric. While the meteoritic chondroi also 
consist of the same ingredients as the matrix, and often differ fiom 
it only in being more coarsdy granular, the chondroi of terrestrial 
rooks are differently constituted from the matrix.^ 

The weight of meteorites varies very considerably, ranging from 
tons to very small specimens. It not only depends on their volume 
but on their chemical composition, as some — ^the stony ones — have 
a low density, while the “ irons ” are of nearly pure metaL 

The largest meteorites of which mention is made are those of 

* Profeasor Story Mukdyne, Natw*, toI. xii p. 604. 
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Otumpa (province of Tncnman, South America), an iron weighing 
30 tons ; of Durango (Mexico), 19 tons ; and of Cranbourne 
(Australia), now in the British Museum, which weighs over 3 tons. 

The Nejed iron, the largest which has been seen to fall, weighs 
nearly 130 lb. Considering the very considerable number of falls 
which have taken place, the number of irons which have been 
seen to fall is remarkably small. They are as follows — 

Agram, 1761. 

Tennessee, 1835. 

Braunau, 1847. 

Victoria West (South Africa), 1862. 

Nejed, 1863. 

Nidigullam (Madras), 1870 

Rowton, Shropshire, 1876. 

Mazapil, 1885. 

Cabin Creek, 1886. 

f ' 

The following table contains a list of some of the larger meteor- 
ites, besides those mentioned above, which have been found from 
time to time, with the locality of their fall and their weights in 
grammes (1000 grammes = 2*2 lb. avoirdupois (nearly), and 
1,018,181 gi’ammes (nearly) = 1 ton) : — 


SideriteR — 


Weight in grammes. 


Bahia, Brazil ..... 6,360,000 

Clmrcas, Mexico ..... 780,000 

Tucuman, Argentine Republic, South America . 637,000 

The Butcher Iron, Desert of Bolson de Mapimi, Mexico 263,632 

Toluca Valley, Mexico .... 91,007 

Cocke County (Cosby’s Creek), Tennessee, D.S.A . 52,326 

Rancho de la Pila, 9 leagues east of Durango, Mexico 46,612 
Obemkirchen, near Biiokeburg, Germany . . 36,366 

Carthage, Smith County, Tennessee, U.S.A . . 24,670 


Sidmlites — 

Imilac, Desert of Atacama, South America . . 227,32$ 

Estherville, Emmet County, Iowa, UvS, A. . . 116,487 
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AeroUte » — 

Wold Cottage, Thwing, Yorkshire . 
Pultusk, Poland 

Butsura (Qutahar Bazaar), Bengal, India 
Knyahinya, near Nagy Berezna, Hungary 
Durala, N.W. of Kurnal, Punjab, India 
Dhunnsala, EZangra, Punjab, India . 
Nellore (Yatoor), Madras, India 


Weight in grammes. 
20,111 
18,007 
13,071 
13,053 
12,588 
12,407 
11,287 


Classification of Meteorites, 

Meteorites have been arranged in three classes : first, masses 
of iron alloyed with nickel, which have been called by Maskelyne 
aero-siderites (<wr, air, and sid&ros, iron), or briefly siderites; 
secondly, those which are almost wholly composed of stone, and 
called aerolites {aer^ air, and lithos^ stone) ; and thirdly, those which 
are composed of stone and iron in more or less equal quantities, 
consisting of a spongy mass of iron interlaced with stony matter 
like that of the aerolites, and called siderolites or meso-siderites. 

M. Daubr^e’s general classification of meteorites is as follows — 


I 

I 


Containing 
metallic iron 


Not containing 
metallic iron 


}■ 


/ Not containing 
I stony matter 

I /The iron consti- 

J I tuting a matrix 

1 Containing iron I w-Mcih eneaaes 


I 


with stony 
matter 


] stony grains 
I The iron esdsting 
I in the form of 
1 grains among 
' stony matter 


Holosid^res. 


Syssid^res. 


Sporadosid^ea 

Aeidbres. 


This brings ns to consider the chemistry of these messengers 
from the celestial spaces. 



CHAPTER III 


THE CHEMISTKY OP METEORITES 

We have seen that the main difference between the specimens of 
these bodies which have been collected is that some of them are 
mainly iron, some of them are mainly stone ; and that there is a 
passage between these two conditions represented by falls in which 
we have a paste of iron including stony fragments. 

We have now to enter into some points connected with their 
chemical constitution somewhat more in detail. 

Of the chemical elements which are at present recognised as 
such, about one-fourth are found by chemical analysis to exist in 
meteorites. These, according to the tables given by Maskelyne,^ 
Fletcher,^ Smith, and othem are as follows. 

Those that occur most constantly are — 


Hydrogen 

Iron 

Nickel 

Magnesium 

Manganese 

Cobalt » 

Copper® 


Calcium 

Aluminium 

Carbon 

Oxygen 

Sulphur 

Silicon 

Phosphorus ; 


^ NatwrCf vol. xii, p. 605. 

® Xwln’odw^ion to Htitdy of MeUaritos^ p. 30. 

* With regard to the presence of cobalt and copper, Dr. L. Smith says {Mimredogy 
and Qhmi^t P* 832) '• “In overy analysis that I have made of meteoric irons 
(over one hundred different specimens) cobalt has been invariably found, along vith 
a minute quantity of copper.”— Plight, EiMory of p. 164, 
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while the following occur less frequently or in smaller quan- 
tities : — 

Tiit-Tiinm 

Sodium 
Potasaiiim 
Strontium 
Titanium 

Nitrogen. 

Of these elementary bodies only hydrogen, nitrogen, and 
carbon occur in an elementary condition. Hydrogen and nitrogen 
are asserted to be occluded as gases in the stones. Carbon exists 
both in the form of graphite and diamond. 

From the above lists it will be seen that among the dements 
most common in meteorites are recognised many which have a 
very wide distribution and exist in great quantities in the surface 
and envelopes of our planet. But this is true only of the 
elements. 

Many mineral compounds terrestrially common are absent; 
perhaps the most striking case of dl is the absolute absence of 
free quartz whether crystallised or not from meteorites, while 
terrestrially it is the most prevalent compound known, and enters 
into the composition of such common rocks as trachyte, fdsite, 
syenite, gneiss, and granite. 

Again, many of the chemical combinations met with "are un- 
known to terrestrial mineralogy. The chemical compounds found 
in meteorites which are new to our. mineralogy may be briefly 
referred to. Some are combinations with sulphur, as follows — 

Sulphur + Iron *= Troilite 

„ + Oaldum =■ Oldhamite 

, I ^ 

” I TitaniTun J 

.. + I . I- - Daul»r6elite. 

I CnTomitoa J 

Phosphides of iron and nickel, forming varieties of so-called 
sohreibersite, are met with. 

It has already been stated that carbon in some form or other 


Chromium 

Tin 

Arsenic 

Antimony 

Chlorine 



24 


THE METEOBITia HYPOTHESIS 


PABT I 


exists in most meteorites. Some of them are partly composed of 
this element compounded with hydrogen and oxygen. In th’is 
case it exists as a white or a yellowish orystaUisable matter, 
soluble in ether and partly so in alcohol, and exhibiting the 
characters and the composition of one or more hydrocarbonaceous 
bodies with high melting-points. 

The meteorites of Alais and Cold Bokkeweld are instances of 
this group. The former is of a black colour both internally and 
externally, is combustible, and contains sulphates of magnesium, 
calcium, sodium, and potassium, which are all soluble m water. 
The latter, after being experimented upon, left a residue which 
gave out a very bituminous smell ; this substance was yeUow, and 
it was found that it was only another form of carbon in a state of 
intimate mixture, amounting to about 1’67 per cent. 

Some carbonaceous stones are dark gray in colour, have little 
lustre, and are soft ; they contain no visible meteoric iron, but an 
abundance of light gray rounded bodies, among which arc occasion- 
ally some with a dull metallic lustre and of a greenish -yellow 
colour, and others of a dark giuy compact substance and of earthy 
character.' 

Various alloys of nickel and iron also occur ; those which play 
the most important part have, according to Meunior, the following 
composition : — 



Density. 

b'onnula. 

Taenito 

7'38() 

FCflNi 

PlesKite 

7'850 

Fe^oNi 

Kaniaciti: 

7’652 


Bmuniiio 

(?) 

V' 


Among other minerals we may name — 

Lawrencite, protoohloride of iron ; 

Maskelynite, with the composition of labradorite ; 

Silica (as asmanite). 

We now come to the common ground. 

The following compounds are identical in composition and 
' crystallographic character with minerals found on our globe : — 

' Flight, op. eit, p. 211. 
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Magnetic pyrites .... Fe^Sg 

Magnetite ..... FcgO^ 

Oliromite ..... (Fe,Cr)304 

Silicates, viz. — 

Olivine varieties. 

Enstatite and bronzite. 

Diopside and augite. 

Anorthite and labradorite. 

Brennnerite. 

Among gaseous compounds, the oxides of carbon have been 
detected in many meteorites, and it is asserted that these gases 
have been occluded by them in the same manner as the dementary 
gases hydrogen and nitrogen. 

In the “ irons ” we deal chiefly with nickel-iron, magnesium, 
manganese, and copper, as metals. 

In the “stones” we deal with combinations of magnesium, 
iron, oxygen, and silicon. One of the most usual substances 
is called olivine, and sometimes the olivine is in a slightly 
changed form, in which the quantity of iron is increased, and we 
get bronzite. Nickel-iron, manganese, and other substances are 
also found in the stones. 

Chemical analysis of the irons has established in them, taken as 
a whole, the existence of the following mineral species : — 

(1) The general metallic mass, which consists of certain alloys, 
in which iron and nickel predominate to such an extent that the 
term nickel-iron is by common consent applied to it. 

The nickel-iron is an alloy or compound special to meteorites, 
and the irons are chiefly composed of it. The tracery to which 
I have referred, observed on the metallic surface treated with acids, 
was discovered by Widmanstatten. The figures are caused by the 
crystallisation of the mass : with the iron and nickel magnesium is 
always associated, so that we get magnesium in all meteoritic irons as 
well as in the stones. 

(2) Compounds of iron and carbon, principally campbelline and 
ohalypite (FOgO). 

(3) Troilite (FeNi) 7 Sg, generally appearing as kidney-shaped 
masses. 
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(4) Schreibersite (Fe^Ni^P). 

(5) Graphite. 

(6) Stony grains, generally magnesium and iron silicates. 

(7) Occluded gases. 

(8) The crust or varnish. This has been found to be due 
entirely to the oxidation of the metal The formula of the crust of 
the Toluca meteorite, according to Meunier, is Fej 03 (Fe!N'i) 0 . 

The quantities of occluded gases vary considerably. Hydrogen 
is the first to come out when a vacuum is produced, and in the cold 
— that is, when the tube containing the meteorite is not heated. 

Thus, Graham found in the Lenarto meteorite, and in a compar- 
ative experiment with clean horse-shoe nails made of iron ^ — 



Meteorite. 

Nails. 

Hydrogen 

85*68 

35*0 

Carbonic oxide . 

4*46 

50*3 

Carbonic acid . 

... 

7*7 

Nitrogen 

9*86 

7*0 


100-00 

100*0 


Mallet subsequently found in the meteorite picked up in 
Augusta County — 

Hydrogen . , ♦ . 85 (>8 

Onrbonic oxido . . . 4*4(J 

Nitrogen . . . 9 '86 

Dr. A. Wright subsequently determined the composition of the 
gases given off at different temperatures, using the Iowa meteorite. 
The results were as follows — 

Hydrogeu. Cartonie Oxide. Carlionic Acid. Mtrogen. 
Cold . 49 14 36 

At 100’ 0. 4*54 0(!) 96*46 

At 200’ C, 6*86 1*82 92*32 

Bed heat . 87*63 0 6-56 6 

As regards the so-called occluded gases, iron and stony meteor- 
ites, according to Wright, show a marked distinction. While the 
gases of the Lenarto iron contained 85*68 per cent of hydrogen, 

^ Graham, Chemical avd Physical Researches, p. 288. 

* Chemical Pfern, 21st June 1872. 
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those obtained from, cosmical masses of the stony kind, such as the 
Iowa meteorite, are characterised by the presence of carbonic acid, 
which constitutes nine-tenths of the gas evolved at the temperature 
of boiling water, and about one-half of that given off at a low red heat. 

This view of Wright’s has been called in question by Mallet, 
who refers to his examination of the gases of the iron of Augusta 
County, Virginia, where the ratio of the oxides of carbon to hydro- 
gen is 4*3, and to his having pointed- out in 1872 that hydrogen 
could no longer be regarded as the characteristic gaseous ingredient 
of meteoric iron.^ 

In the siderites the iron varies &om 80 to 98 per cent, and the 
nickel from 6 to 10 per cent Sometimes the nickel is found in 
larger quantities, as in the iron of d’Octibbeha County, Mississippi, 
found in the year 1854, which contained as much as 59 per cent 
while the iron was only 37 per cent 

There is a singular circumstance connected with the varnish of 
stony meteorites which was observed by Beinsch in the meteorite 
of Krahenberg. The grains of metallic iron and troilite contained 
in the varnish show no signs of oxidation. In the meteorite of 
Morbihan, also, grains of nickel-iron project not only through the 
smooth iimer but also the rough outer crust It has been suggested 
that the surface of these meteorites was vitrified before it entered 
our air, or at all events those lower strata of it in which oxygen is 
abundant^ 

In many oases minute chemical analysis has been most useful 
in showing that meteorites which have been found in different 
localities really belong to the same fialL 

Professor Hordenslgdld, on examining the Stdlldalen meteorites 
(Sweden, 28th June 1876), found that they resembled some eight 
or nine others which he had before examined, although they were 
entirely unconnected as regards their date of appearance ; and that 
together they would form a well-marked group, which, he observes, 
will probably be found to be only one among many similar groups 
of aerolites which will hereafter be detected. 

’ Tliglit, op. elt, p. 80. 

* li., CMogieal Magimiiu, January 1875. 
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Dr. Laurence Smith, from the presence of Daubr^elite, inferred 
a common origin for two meteorites which fell four years apart.^ 
The following short table brings together in a compact form 
the chief substances met with in meteorites. It will indicate the 
cause of the continued reference to the spectra of magnesium, iron, 
manganese, and carbon in what follows — 

Siderites. 

Nickel-iron, manganese, ‘copper. 

Troilite. 

Grapliite. 

Sclireibersite iron and nickel phosphide, with which magnesium is 
always associated. 

Daubreelite = iron and chromium sulphide. 

SidoroUfes. 

Ghondritie — 

(a) Non- Carbonaceous — 

Olivine ^clirj^aolite^ peridot -(Mgre)., 04 F>i= SiOo 41*3, MgO 50*9, 
PeO 7*7. 

Enstatite MgO^Si - 60, MgO 40, 

Bronzitc = enstatite, in which some magnesium is I'ophirod by iron. 
Nickel-iron, manganese, 

Troilite. 

Chromite = imn protoxide 32, cbroniiuiu scstpiioxide 68, + aluminium 
and magnesium, 

Augjte = pyroxene, SiOw, 56, CaO 23, MgO 16, MuO 0*5, FeO 4. 
Silicate of calcium, sodium, and aluminium. 

(/?) Oiuhonaceoiis — 

Carbon in combination with H and 0. 

Sulphates of Mg, Ca, Na, and K, 

Non-ehondritir — 

Troilite, 

Olivine. 

Enstatite. 

Bronzitc. 

Augite. 

Anorthito. 

^ Professor A. S. Hersohol, Mmihhj Hoticea^ R.A.S,, 1878, p. 219. 
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CHAPTEE IV 


EXPEKIMENTS ON THE SPECTKA OF METALS FOUND IN 
METEORITES 

Many particulars have already been garnered relating to the spectra 
of those substances met with in meteorites. The next thing is to 
summarise them. In doing this, we shall not only be bringing 
together a stock of facts on which we can draw, but various 
laboratory processes useful in the present inquiry will necessarily 
be indicated. It need scarcely be said that the experimental 
work recorded in this and the subsequent chapters forms the basis 
of all the conclusions, both general and special, which will be 
given in due course. 

A complete history is out of the question here, and to a large 
extent I limit myself to the work carried on in the ITormal School 
laboratories during the last two years. 

When I commenced my researches on meteorites, it soon 
became evident that the most needful direction in which to work 
was to observe the phenomena visible at low temperatures. It 
was obviously important that ,we should study the spectra of 
meteorites at various temperatures, high as well as low; but in any 
case, in order that we might completely unriddle them, it was 
necessary that we should begin by studying the spectra of those 
substances which have been found in them, or which they might 
be suspected to contain. 

Obviously, the best way to begin this survey was to start with 
the lowest temperatures and gradually work up to the highest. 
We might conveniently begin by observing the spectra at the tem^ 
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pemtuie of the Bnnsen burner, then at that of the oxy-coal-gas 
flame, passing subsequently to those of a comparatively cool electric 
spark, of the electric arc, and Anally of the jar spark. 

Much of the high temperature work had been already done. To 
be completely equipped for the inquiry, then, it was necessary to 
secure and bring together facts relating to low temperatures. 
After the phenomena observed by means of the flame of a Bunsen 
burner had been recorded, the oxy-coal-gas flame was used. In 
the method of work adopted an ordinary oxyhydrogen blow- 
pipe jet was employed, coal-gas, as a rale, being substituted for 
hydrogen. When oxygen is blown tlirough a gas-flame in this 
way, a long-pointed flame is obtained which is hot enough to fuse 
platinum, but stm is much cooler than the electric spark. The 
flame is directed veiy sh'ghtly upwards and towai'ds the slit, in 
the same line as the collimator, and at a distance of 2 or 3 feet 
fi-om it. A lens of convenient focal length, in this cose about 8 
or 9 inches, is then placed between the flame and the slit, in 
such a position that an Imngu of tlic flame falls exactly on the 
middle of the slit. 

A small poition of the substance to be examined is then sup- 
])orted in a pair of forceps (or on a clean slip of glass) arranged in 
such a way that it can be raised or lowered by turning a thumb- 
screw. The substance is then inserted in tho flame. Fuller 
details will be given in Chapter VL when we come to deal with’ 
the analysis of meteorites. 

The following table shows tho positions of the principal lines, 
bands, and fliitings seen in tlie spectrum of each of the metals 
examined, at the two temperatures indicated, arranged roughly in 
the order of their intensities. 

It should here be stated that as some of the researches have 
had to deal with feeble illumination small dispersion has been of 
necessity employed ; and to make the observations along the several 
lines comparable, a one-prism spectroscope was in the first instance 
used throughout. Hence the wave-lengths given are in all oases 
only approximate. With this proviso the lines observed have 
been as follows — 
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In Bunsen — 

Magnesium 5183 5172 5167 4586 

SocTium 5889 5895 

Lithium 6706 

Thallium 6349 

Strontium 4607 

Barium 6634 

Calcium 4226 

Manganese 5395 

Potassium 6950 

Bismuth 4722 

Lines ^ Seen on passing from the temperature of the Bunsen to 
that of the oxy-coal-gas flame — 

Iron 5268 6327 5371 4383 5790 6024 

Copper 6105 5781 5700 

Chromium 6202 6203 5207 5410 

Lead 4810 4911 

Cadmium 6085 

Nickel 6476 

Titanium 5128 6338 

Tungsten 5490 6511 

Sliver 6208 6464 

Mercury 5460 

Cerium 6273 6160 

In Bunsen — 

Calcium 5635 6250 6500 6000 

Strontium 6060 

^ , Barium 6150 5250 6380 4860 

Bands - 

Seen on passing from the temperature of the Bunsen to 
that of the oxy-coal-gas flame — * 
abalt 4710 4920 5170 5460 

’ In Bunsen — 

Magnesium 6000 5210 

Manganese 5580 5860 6145 5340 

Lead 5460 5680 4985 5140 5340 

Plutings- Seen on passing from the temperature of the Bunsen to 
that of the oxy-coal-gas flame — 

Barium 6010 6350 6480 

Chromium 6360 6570 5800 6040 

Iron 6150 

Copper 6050 6130 
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AH the flutings, with the exception of those seen in the case of 
magnesinm, have their maxima towards the blue, and shade off 
towards the red end of the spectrum. 

The map reproduced in Fig. 3 shows the spectra of the various 
metals at the temperature of the oxy-coal-gas Same; the thick 
lines represent hands, and the shaded bands represent flutings. 

In comparmg the spectrum of a substancewhich has been mapped 
in the laboratory with the spectrum of a meteorite, we should 
naturally look for the brightest lines, bands, or flutings flist, and 
hence it is convenient to map the spectra in such a way that we can 
at once say which characteristic of the spectrum will be the flrst to 
appear. We have mainly to consider those bands or flutings which 
stand out prominently in the spectrum, and are the flrst to flash 
out when only a small quantity of substance is volatilised. Thus, 
in the flame spectrum of barium there is an almost continuous 
background of flutings with a few brighter bands in the green ; here 
it is most important for us to consider the Icmds, as the flutings 
mainly add to the general continuous spectrum in the case of 
radiation, or produce a general dimming of the continuous spec- 
trum in the case of absorption. 

Fig. 4 is a map of a few of the more important elements which 
enter into our discussions, constructed upon this principle. Five 
orders of intensities are represented, the longest lines, bands, or 
flutiags being the brightest. The lines, bands or flutmgs, shown 
M'theibweBt horizon in the case of each, dement are those seen at 
^e krwest temperatures, and are the flist to naake their appearance •, 
everythiDg shown on the lowest horizon is visible at the tempera- 
ture of the Btmsen burner, but oifly the brightest phenomena visible 
at that temperature are represented. Those on the upper horizons 
are the fldntest, and are only seen when the temperature is slightly 
increased, or a considerable quantity of substance is volatilised. 

A glance at the map shows that if there are any indioatians of 
magnesiuitt, for instance, in bodies at low temperatures,- fluting 
at wave-length 600 will be seen, posstb3.|y v^out tlm o^t ^ting 
0 IhoeS, The first indication of ma nganese will be '«t 

so on. 
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Hssperiments upon th& Luminovs Phmomma of the various Metals 
volatilised in the Bvmen Burner and the Osey-coahgas Blov^pe 
Flame as compared with the Phenomena seen at higher Tem- 
peratures, 

In connection with the above work there are some points of 
interest which may be referred to in this place. 

It is important to know whether at low temperatures the 
phenomena presented by these metals are equally intense, or 
whether is there a great difference. As a matter of fact there is 
a great difference, and we can determine the order of visibility, 
beginning at the substance most easily visible at the lowest 
temperature. 

The main conclusions are that certain lines, bands, and flutings 
are seen in the Bunsen burner, that a larger number is seen in the 
flame, but that the total number seen in the burner and flame is 
relatively small as compared with the lines seen in the spectra at 
higher temperatures. 

The order of visibility in the Bunsen is, roughly — 

'Sodium 
Lithium 
Ihallium 
Starontium 
lines Barium 
Calcium 
Potassium 
Manganese 
, Bismuth 

r Calcium 
Bands < Strontium 

( Barium 

t Manganese 


‘ ^ iJl the observations both of Bunsen and oxyhydrog^ 
be .condensed as follows — 
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In metals of tlie alkalies 


„ „ alkalme earths . 

In magnesian metals 

In iron metals . 


In metols which yield acids 

In copper metals 
In noble metals , 

In earthy metals 


Sodiiim 

Potassium 

lithium 

Oaldnm 

Strontium 

Barium 

Magnesium 

Zinc 

Cadmium 

Iron 

Nickel 

Cobalt 

Manganese 

Chromium 

Bismuth 

Titanium 

Tungsten 

Copper 

Thallium 

Silver 

Mercury 

Cerium 


Spmal Mx^crimenta MagTumm, 

It is also important to study the effect of temperature upon 
the spectrum. Some experiments upon magnesium may be referred 
to as giving an idea of the kind of change observed, for this spectrum ' 
perhaps brings before us in the most striking manner the beautiful 
effects produced by the passage from a lower to a higher temperature. 

’It is generally held that the 

Bunsen burner 
Oxy-coal-gas dame 
Electric arc 
Spark with jar 

bring before us the effects of different temperatures, inoi’easing in 
the order in which they have been named ; thus we read of spectra 
seen at the temperature of the Bunsen, arc, etc. These terms are 
fully recognised, and everybody knows what they mean, although 
the temperature of the Bunsen, and perhaps even the tempexatare 
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of the arc, does not always remain constant when different sub- 
stances are introduced into it. 

In a paper which I communicated to the Eoyal Society in 
1879 ^ I described the results of some experiments on this spectrum. 
There are three well-known lines in the green, at wave-lengths 
6183, 6172, 6166’7, which are designated and and are 
characteristic of magnesium. Now in the flame the two least re- 
frangible of these, \ and are alone seen, and they are associated 
with a third line, the remnant of a fluting at 5210, so as to form a 
triplet. There are also visible a line in the blue and the fluting 
at 500. On passing to the temperature of the spark, 5210 
practically disappears and is replaced by the wide triplet thus 
giving way to a narrower one, \ and \ being common to both, as 



PXG. 5 xOHJOrQSS IN TEE SpECTRTTE OF MaGKEBIUM 
1 Aro Spectnun. 2 Flame Spectrom. 


shown in iig. 5. At the same time the line in the hine disappears 
and gives place to two new ones. 

In the Bunsen, as ordinarily employed, the fluting at 600 far 
eclipses the other parts of the spectrum in hrillianejr, and at this 
temperature I have also photographed a close triplet in the ultra- 
violet at wave-length 373. 

If, however, magnesium he burnt in the hollow of a large Bunsen 
flame, the fluting at 5210 is seen without the one at 600. This 
band has been ascribed by Professors liveing and Dewar to m^- 
TtftHinm and hydrogen, not necessarily as a compound, and the one 
at 500 to oxide of magnesium; but this is by no means proved 
as yet. It is, however, a point of only secondary importance in 
the considerations which follow, whether these flutings really 


^ Soy, Sot. Proe. toL irt p. 27. 
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proceed from the metals themselves or from compounds of 
them. 

At the highest temperature h is more brilliant than the other 
lines, and the fluting of 500 has entird .7 disappeared. 

As in magnesium, so also in manganese and lead the change 
from flutings to lines with increase of temperature is beautifully 
seen. 



CHAPTEE V 


EXPEKIMEOTS ON THE GASES OCCLUDED IN MBTEOEITES 
Mcperiments VjpoTi Courlon 

At intervals during the last fifteen years I have been engaged in 
researches on the spectrum of carbon, and there are so many difid- 
culties that even now the research is not completed. The general 
work has consisted of observations of fiames of combustible carbon 
compounds ; the electric arc between carbon poles, and gaseous 
carbon compounds enclosed in Geissler tubes and rendered incan- 
descent by a current from an induction coiL 

A candle consists of certain compounds of carbon, and when 
burning, these substances are rendered luminous, so that they 
become capable of giving, spectra. If the slit of a spectroscope 
be directed towards the base of a candle flame, two or three bright 
flutings of the carbon spectrum will be seen. The upper and 
more luminous part of the flame gives a perfectly continuous 
spectrum, because we have there to deal VTith the incandescence 
of solid particles. 

When a strong electric current is passed between carbon poles, 
the gases in the space between the poles are rendered incandescent. 
Some carbon is volatilised, and consequently the spectrum of carbon 
is observed in that of the electric arc. The spectrum seen, however, 
depends upon what part of the arc is examined, as some parts are 
cooler than others. At the negative pole certain flutings are seen, 
whilst other flutings are special to the positive pole, and others 
still are characteristic of the long flame which often accompani^ 
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the arc. The conditions of the arc aJso are such that carbon can 
to a smail extent combine mth the nitrogen of the air, and the 
result is that the spectrum of the compound molecules of nitro- 
carbon is in all probability visible in a certain portion of the arc. 

The spectrum of a gas rendered incandescent by an electric cur- 
rent may be obtained in several ways. We may either use a short 
spark and pass it through the gas at ordinary pressure, or we may en- 
close the gas in a g^ass tube fitted with platinum points, connected 
at one end to a ^rengel pump so that a vacuum can be produced, 
and at the other end with an apparatus for generating the gas. At 
reduced pressures, when there is but little of the gas to be rendered 
incandescent^ very long sparks can be made to pass ; in my own 
investigations I have employed tubes of various lengths, the 



distance between the platinum points varying from about of 
an inch to 6 feet. In all these experiments it is desirable to use 
what ate called end-on tubes, so that the light tibroughout the 
length of the tube may be made to fall on the Edit of the spectroscope. 
A form of tube which I Iiave found to be very convenient is shown 
in Fig. 6. This permits of discharges of various kinds being 
passed through the same gas without tiie necessity of changing the 
tube each time, a change in the pressure, at Idie most> being all tihat 
is required for a change of spark. It will be noted that tibe tube 
is partly a capillary tube and partly one with a wide bore ; this is 
very important, as with the same length of spark the temperature 
is greater in the capillaiy tube. Simpler forms of end-on tubes 
have also been employed. In working with a tube of this descii^ 
tion, it is best to place it at a distance of about 2 feet item tdie 
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slit, in the same line as the coUimator of the spectroscope, and to 
focus the light on the slit hj interposing a lens of suitable focal 
lengtL 

In these experiments aU the joints between the tubes are made 
air-tight by surrounding the short indiarubber tubes joining them 
with mercuiy or glycerine. 

The generator, of course, varies according to the nature of the 
gas to be experimented with. In the case of carbonic acid, for 
instance, it is convenient to prepare the gas by heating some bi- 
carbonate of soda in a closed combustion tube. The gas is then 
passed through another part of the tube containing phosphoric 
anhydride, in order to dry it. This is connected with the spectrum 
tube, which is agaia connected with the air pump. The first thing 
to be done is to get as perfect a vacuum as possible, and then to 
fin the tube with the gas, and again pump out. This operation 
having been repeated three or four times, the gas will then be 
practically pure. Variations of pressure are then obtained by 
the use of the pump, or by farther heating of the combustion 
tube. 

In the case of a liquid like benzole or alcohol, after chemical 
purification, it is enclosed in a strong bulb, which, by means of 
a stop -cock tube, is connected with the spectrum tube. The 
washing-through process in this case necessitates the use of the 
stop-cock, which is made safe by surrounding it with mercury, 
as otherwise a vacuum could not be obtained until all the liquid 
had evaporated. 

Other forms of generators have to be used in special cases. 

The great difficulty connected with this kind of work is to get 
rid of traces of impurities of air and moisture. By washing the gas 
through a great many times, and keeping the apparatus hot, it is 
possible to obtain the gas practically free from even spectroscopic 
impurities. In the case of a hydrocarbon like benzole, it is first 
freed from occluded air and moisture by boiling it in a reflux con- 
denser with chips of sodium. This arrangement allows the liquid 
to boil away, then recondense and fall back to be agaiu boiled. 
Sodium has a great affinity for oxygen, and if any water were 
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ptesent, it would at once combine with the oxygen, and liberate 
hydrogen. In this way the liquid would be freed from oxygen. 

The spectra of many compounds of carbon with oxygen, hydro- 
gen, nitrogen, chlorine, and sulphur have been observed in this 
way, and it is found that under certain conditions, which vary with 
the compound experimented upon, there are some fiutings common 
to all. Now these obviously must be due to carbon, since carbon 
is the only common constituent The importance of getting rid of 
all traces of air and moisture will now be dear, as these would 
form cm^mnde common to alL 

This research is beset with difficulties; observers have con- 
tradicted each other, have made certain statements, have recanted, 
and have recanted again. The consensus is certainly now greater 
than it was formerly, but there are still diveigences. The main 
conclusions which may be stated here are, that there are two 
systems of flutings which depend upon temperature only. At 
low temperatures all compounds of carbon give a set of simple 
flutings, the brightest of which ate at wave-lengths 4510, 4830, 
5195, and 5610. At higher temperatures there is a series of 
compound flutings, the brightest edges of which are at wave- 
lengths 438, 4738, 5165, and 5640. At very high temperatures 
each compound gives us the Hm spectra of its constituents. Thus, 
marsh gas would give us the Unes of carbon and hydrogen, and 
carbonic oxide the lines of carbon and oxygen. Tlie passage from 
one speotnim to another is not abrupt, but takes place gradu- 
ally as tlw temperature is gradually altered. 

It is necessary to point out that the temperature at which one 
particular spectrum is visible is not the same for all compounds of 
carbon. Thus, since benzole, a compound of carbon and hydrogen, 
is more easily decomposed than say carbonic oxide, the high 
temperature fluted spectrum of carbon might be obtained from 
benzole at the temperature that would only give the cool carbon 
flutings in the case of carbonic oxide. 

Besides these flutings thero is another at wave-length 481, 
which is special to the compounds of carbon containing hydrogen, 
This fluting is therefoi'e characteristic of hydrocarbon. Another 
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group, consisting of seven flutings, beginning at.460 and extending 
to 450, is seen when compounds of carbon and nitrogen are 
broken up. 

But even now we have not considered all the flutings of carbon. 
There are others about which there is room for difference of 
opinion. These, some ascribe to cyanogen, while I still attribute 
them to slightly different groupings of the carbon molecules, 
and these it has been found convenient to call carbon B, to 
distinguish them from the flutings previously mentioned, which 
have been called carbon A. These and their relation to tem- 
perature are shown in Fig. ‘7. The principal line of carbon is 



Pia. 7 .— Part of tsjs Spectrum of Carbon B. 


Highest 

’temperature. 


Lowest 

temperatme. 


in the blue part of the spectrum at 'vrave-length 4266. The 
fliagTO Tn shows the passage from the line stage to the other stages, 
first to the ultra-violet group, and then to the less refrangible group. 
It will be seen that at one temperature both lines and flutings are 
present "While the blue line gradually thins out, the ultra-violet 
flutings appear first and grow in intensity. As these increase, 
the blue flutings become visible, and farther, as the latter 
augment and the line disappears, the ultra-violet flutings die out 
altogether. 

There is one other point which is of great importance. This 
is the variation in the appearance of the blue band beginning at 
474 . Under some conditions the maximum luminosity of this 
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band is not at 474, but at 468, whilst under other conditions the 
band is almost uniform &om 474 to 461. This is shown in Fig. 8, 
which is engraved from a photograph of the spectrum of alcohol 
vapour at three temperatures, the top one being at the highest 
and the bottom one the lowest temperature. 

When we come to study the spectra of those celestial bodies in 
which carbon appears, we shall see the importance of this ; if we 



Fin. 8.--CKAiina nv mv ArmBAHcm pauBimeo by tbb Baud at 474. 


had not this evidence, we should not be in a position to Maign the 
same origin to two appaxuntly different banda 

In what has been said the red end of the spectra has been left 
out of consideration ; it is sufficient to state here that in this 
i^on are chiefly found those appearances gaecial to each compound. 


I pointed out many years ago that, when under certain con* 
ditions the spectrum of hydrogen is examined at the lowest possible 
temperature, the F (green) line retains its bnllianoy long after the 
C (ted) line disappears ; and the &ot that, after these lines have 
been made to disappear from the spectral tube^ the speotrom 
which remains visible, and is sometimes very brightly visible, is 
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also due to hydrogen, has always been a matter of thorough belief 
in my mind, although so many observers, down even to M. Cornu 
not so very long ago, have been inchned to attribute it to the 
existence of “ impurities.” 

I began to map the so-called structural spectrum at the College 
of Chemistry in 1869, but other matters supervened which pre- 
vented the accomplishment of this work. This, however, is a 
matter of small importance, because quite recently Dr. Hasselberg 
has communicated to the St. Petersburg Academy an admirable 
memoir on the subjecl^ accompanied by a map (M^movres de 
VAcadirrm Impiriale, Series VII., voL xxx.. No. *7, Hasselberg). The 
brightest portions of the structure spectrum are shown in lig. 11. 

The most convenient way of obtaining a supply of hydrogen 
for investigations of this kind is to use a little sodium which has 
never been in contact with hydrocarbon, or a piece of TnagTiftHi mii 
wire ; to place them in the lower end of a glass tube, one part of 
which can be used as an end-on tube, and then, after getting a 
vacuum so perfect that the spark will not pass, to slightly heat the 
metal After a time the spectrum of hydrogen, sometimes accom- 
panied by the low temperature flutings of carbon, begins to be 
visible alike from the sodium and the magnesium. 

If the vacuum has been very perfect to start with, at first the 
bright lines 0 and P will be visible without any trace of structure, 
and the hydrogen will be of a magnificent red colour. If now the 
action of the pump be stopped, and the sodium be still more 
heated, the colour will change from red to violet, and finally 
a point wiU be reached at which the conductibility of the gas 
is at its maximum, and then, the jar not being in circuit, the 
structure spectrum of the gas wall be seen absolutely alone, without 
any trace of either C or F. The gradual disappearance of the F 
line is very striking, and when the bright line is out of the field 
the lines due to the structure seem to be enhanced in brilliancy. 

The brightest part of the spectrum is then that near D ; in the 
blue-green we have a line at 464 more refrangible than F, and 
then a double line at 4930 and 4935 ; other less refrrangible lines 
are seen.' These are phenomena seen associated with sodium, but 
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if we use the hydrogen produced from a piece of magnesium wire 
or from a crystal of olivine, under the same circumstances we find 
so fax as the lines of hydrogen go, the phenomenon remains 
the but that there is then visible in the spectrum a line at 
600, which is in reality the remnant of the fiuting at that wave- 
length which has been recorded in the spectrum of magnesium 
under other conditions. 



GHAPTEE VI 


SPEOTEOSCOPIO AlfALTSIS OF MBTEOEITES 
Mdeoriiva &lows 

A great many investigations of tlie low temperature spectra of 
meteorites have been already made, and one method of investiga- 
tion has been the following : — ' 

A small fragment of any particular meteorite, or still better 
some dust, is inserted in an end-on tube, such as I have already 
described; this is placed in &ont of a spectroscope, so that a 
spectroscopic record of the luminosity may be obtained. The 
tube is at the same time connected with a Sprengel pump, in 
order to obtain a vacuum ; it is supplied with poles, and thus an 
electric current may be sent through it. Supposing that such 
bodies as meteorites exist in free space, we must understand 
that they are situated practically in a vacuum, so that it is 
perfectly fair to begin the laboratory work by getting a vacuum as 
nearly as possible. The next thing to do is to try the effect 
of the lowest temperature, and for that purpose the central part 
of the tube containing the little fragments is heated by a Bunsen 
burner. 

If any effect is produced by this application of heat it will, 
after some little time, be evidenced by the formation of a 
spectrum or by some change in the pre-existing ona What has 
been found is that there is scarcely any meteorite which can be 
examined in this way which does not give off a sufficient quantity 
hydr(^en to allow the hydrogen spectrum, when a fedble 
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elecMo current is made to travel along the tube, to be very beauti- 
fully visible. 

If the temperature of the meteoritic particles be kept sufficiently 
low, we see practically the spectrum of hydrogen alone. This is 



a demonstration of the very well-known fact that, with tbopft 
bodies generally acknowledged to enter into the composition 
meteorites, hydrogen is always associated. 

If under similar conditions the temperature is inoreased, 
the spectrum of carbon begins to be visible, indicating tha^i' 
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associated with the hydrogen, there is some compound (or com- 
pounds) of carbon in the meteorite which requires a higher tempera- 
ture to bring it out, but which is displayed when that higher 
temperature is employed. The carbonaceous structure of some 
meteorites has already been determined on other grounds. 

If we carry the heating a little further still, and, instead of leaving 
the particles relatively cold and dark while the current is passing, 
we apply a liigher temperature outside the tube by means of the 
Bunsen burner, then we get the luminous vapours of some consti- 
tuents of the meteorite added to the spectra of hydrogen and carbon. 

What luminous vapours do we get first, and which last? The 
experiment is a very interesting one, and may certainly be carried 
on in a tube such as that described until a pretty considerable 
development of the spectrum is obtained. When particles of a 
meteorite are treated in this way the first substance which, after 
the hydrogen and carbon, makes itself obviously visible is mag- 
nesium derived from the olivine, that substance which exists in 
the greatest quantity in the stones, and in the schreibersite which 
exists in the irons. 

The representative of magnesium in this case is generally the 
fluting, or the remnant of the fluting, at wave-length 500 (see Fig. 4), 
which is seen so brilliantly when magnesium ribbon is burned in 
the Bunsen, Usually only the brightest part of the fluting is seen, 
and it then appears as a line. 

The line at 600 is constantly, and another line at 495 is occa- 
sionally, seen. This line is less refrangible than the structure line 
of hydrogen in this region, which occupies nearly the same position 
as a barium line, at 493 ; if the heating be continued, especially 
in the case of stony meteorites, it is soon succeeded by a much 
more brilliant green glow, in which magnesium J and many other 
lines appear, accompanied by the carbon flutings. 


Spectra of Meteorites m the Oo^-Coal-Qous Flame. 

From such a method of research as the above we can pass to 
one in whiob, by means of the oxy-coal‘gas flame, the spectrum of 
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any vapour given off, provided any vapour is given off at a still 
higher temperature, can be observed. Many meteorites have been 
examined in this way, and the main result is that, in the case of an 
“iron,” the first substance to make its appearance is mang^ t ie se , 
and the next substance to become obvious is iron. 



Here a very important remark must be made. The substance 
which will give us the predominant spectrum at lowest tempem- 
ture must be that substance the volatility of which, at that 
temperature, is greatest. If, however complicated the cb(ai4o4t 
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constitution of one of these meteorites may be, there is one 
substance which volatilises out of it more readily than another at 
a low temperature, that substance will be the first to give us its 
characteristic spectrum at that temperature — and in fact we may 
get the spectrum of that substance alone, although its percentage 
in the meteorite may be extremely small. It is therefore an im- 
portant result to find that, in meteorites in which the quantity of 
iron is very considerable, it is always the manganese that makes 
itself visible first, because its volatility is greater than that of iron. 
The point to bear in mind is that when we pass to the temperature 
of the oxy-coal-gas flame we get predominant evidence of the 
existence of manganese, and afterwards of iron. 

The observations gave in all only about ten or a dozen lines 
belonging to the metals magnesium, iron, sodium, lithium and 
potassium, and two flutings, one of manganese and one of iron. 

Many diagrams of such observations of the oxy-coal-gas flame- 
spectrum of meteorites and of olivine have been constructed, and 
not only the spectra of the flame but also of the " glow,’’ — glow 
being the name given to the luminosity produced in the tube 
under the conditions stated. There are some points of similarity, 
and other points of difference. One of the results which is most 
constant is the appearance of the line at 500 ; this seems to run 
through all the observations until we come to deal with such 
meteorites as the Limerick and Nejed. On the other hand, some* 
lines and flutings do not make their appearance generally. 

Spectra of MeteorUes in the Electric Arc, 

If we wish to extend our inquiry into the action of a stiU 
higher temperature we can use the electric arc ; that also has been 
done. Tor this purpose specimens of iron meteorites have been 
cut into poles, the spectra of which have been observed and photo- 
graphed, so that the vapours produced have been the vapours of 
the pure iron meteorites ; had a small portion of a meteorite been 
placed on an impure carbon pole, the impurities of the carbon would 
,ii8tiye been observed and photographed with the pure vapours of 
Meteorites. In addition to this method — ^in the case of Ihe 
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meteorites — ^the lo\rer pole, after its spectrum has been well studied, 
has been utilised in this way ; the upper pole remaining constant 
as an iron pole, pretty large particles of various stony Tinflt.PArit,e8 
have been inserted into the lower pole, and the added result care- 
fully recorded. Further, composite photographs of the spectra of 
many meteorites have been obtained. Half a dozen different stony 
meteorites were successively rendered incandescent by their in- 
sertion into the lower pole during the exposure of a single photo- 
graphic plate. 

It is obvious that if we can get detailed information on such 
points as these, and provided there are meteorites in space of 
the temperatures at which we are able to determine their spectra 
in the laboratory, such data should be of extreme value, for at 
present we know of no reason why the spectra should differ accord- 
ing to locality. 

The method of work with an electric arc is to place the lamp 
with its poles in the line of the collimator of the spectroscope 
at a distance of 2 or S feet from the slit, an image of the poles 
being formed on the slit by a lens. It is convenient to place the 
collimator in a north and south line, so that a siderostat can be 
employed to send a beam of sunlight through the slit at any 
hour of the day. The siderostat is an arrangement by means of 
which a mirror is driven by dockwork in such a way that it 
reflects light from the sun in a constant direction, notwithstanding 
the apparent motion of that body. The beam being reflected 
through the collimator, another lens is placed in its path so as 
to form an image of tiie sun between the poles of the lamp. The 
light from the sun and that from the arc thus enter the spectro- 
scope under exactly the same conditions, and both spectra will be 
brou^^t to the same focus. 

At this temperature there are so many lines visible that it is 
most satisfactory to register them by photography. An ordinary 
photographic plate is only sensitive to blue light, but recent iar. 
vestigations have resulted in making it q^uite easy to photograph ‘ 
the green and yellow parts of the spectrum, and even the red with. 
a little more trouble. I am indebted to Professor 0. T. Shetnuu), , 
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of Yale College, for a formula which has suited this purpose ad- 
mirably. By the use of these plates, photographs extending from 
a little below K to D have been obtained, the complete length 
of the spectrum, which was taken in three stages, being about 
15 inches. 

A photograph of the spectrum of the Obemkirchen meteorite, 
taken in this way, shows no less than 378 lines, of which 348 are 
due to iron. This latter fact is ascertained from a comparison of 
the spectrum of the meteorite with that of very pure iron, which* 
was kindly supplied to me by Professor Eoberts-Austen, of the 
Eoyal Mint, taken under exactly the same conditions. Besides 
the iron lines, the photograph also shows 16 lines of nickel, 3 of 
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chromium, 1 of cobalt, 4 of manganese, 2 of titanium, and four 
unknown lines. It is also worth noting that this particular meteor- 
ite shows practically no sodium, although the nickel line, between 
the two D lines, is pretty bright. 


Sfeetra of Meteorites m Quantity ^parh witJumt Jar. 

A still higher temperature may be obtained by using an electric 
spark. But in order that we may pass, by small stages, from low 
to high temperatures, we must begin the spark experiments by 
using a coil without a Leyden jar in the circuit. Kg. 10 shows 
how the. apparatus is arranged for an experiment of this kind. 
Two of the thick wires connected with the coil proceed feom tb#' 
battery shown in the cupboard behind, and the other two 1^ 
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to a condenser beneath the table. A finer -wire lA«iVlg fi:oiQ 
terminal of the coil to the discharging apparatus, while the other 
terminal is connected in such a manner that an air-break can be 
introduced. In the diagram a Leyden jar in circuit is shown ; it 
can be thrown out of the circuit by simply lifting it from the 
insulated metal disc on which it rests. The outer coating of the 
jar is connected with one terminal of the coil, and the nnafiTur 
with the other terminal 

The sparking arrangement itself consists of two pairs 

of forceps arranged so that the distance between them can be 
changed at will, and the whole system naay either be raised or 
lowered. Two fragments of the meteorite to be examined are 
placed in the forceps and the spark passed. In order that the 
space between the fragments may be filled with vapour, the dis- 
tance between tliem is usually made about or of an incL 
With a longer spark, it generally happens that the air spectrum is 
more prominent than the spectrum of the meteorite, especially 
when the jar is in circuit. 

An image of the spark is formed on the slit of the spectroscope 
in the usual way by means of a lens mounted on an adjustable 
stand. The spectroscope shown in the diagram is of the form 
known as the direct-vision spectroscope. Unlike an ordinary 
spectroscope, tliis shows a spectrum when the source of light is in 
the line of sight A system of prisms in it, made of two kinds of 
glass, is so arranged that deviation is corrected whilst dispersion 
is retained, this being possible from the fact that particular kinds 
of glass have a particular proportion of deviating to dispersing 
power. 

The observations under these conditions give in all about 
twenty lines belonging to the metals magnesium, sodium, iron, 
strontium, barium, oalcium, chromium, zinc, bismuth, and nickel, 
and four lines of unknown origia 

^uetra of at tlu Temperature of the Jar Sparh 


At the temperature of the jar spark a very great number df 
lines is visible, and, up to the present, it has not been posidble ttt 
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make complete observations of meteoritic spectra under these con- 
ditions. These high temperature spectra, however, are not of so 
much importance to ns in the present inquiry as those at low 
temperatures, for the reason that once we have obtained evidence 
of the composition of meteorites — ^that is to say, of their spectro- 
scopic composition — we can also tell approximately what lines 
will be visible in the jar spark. 

All the observations recorded, with the exception of a few of 
the preliminary ones, have been made on undoubted meteorites, 
fragments of which have been, in the kindest manner, placed at my 
disposal by the Trustees of the British Museum. 

In these observations, if a line in the spectrum of a meteorite 
were coincident with a metaUic line, with the dispersion employed, in 
the absence of the brightest line of that metal, the line was regarded 
as originating from some other substance. Thus a line was some- 
times seen at 548, apparently coincident, with the dispersion 
employed, with the green lines of Strontium and Nickel ; some- 
times the brightest line of Strontium at 460? was absent, and it 
was then fair to assume that the presence of 648 was due to 
Nickel, but in the presence of 460? it might be due to Strontium. 

Oomparisom of the foregoing Observations among themselves. 

The discussions have taken, in the first instance, the form of 
comparisons of the different phenomena observed, and for this 
purpose all the observations of flutings and of bright lines have 
been carefully mapped, aU records having been brought to a com- 
mon scale. 

The following are among the comparisons already dealt with : — 

1. The spectra of meteorites observed under the various con- 
ditions, chiefly considering magnesium, iron, and mjan- 
ganese, with the bright lines observed at low temperatures. 

The main conclusions are— 

(1.) That only the lowest temperature lines of Magnesium, 
Sodium, Iron, Chromium, Manganese, Strontium, Calcium, Barium, 
Potassium, Lead, Bismuth, and Nickel are seen in the meteorites 
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under the various conditions. They are not aJl visible in one 
meteorite or imder one particular condition ; the details of indi- 
vidual observations are fully recorded in Kgs. 11 and 12. 

(2.) That in the case of Magnesium the line most frequently 
seen is the remnant of the fluting at 500, while in a photograph the 
main ultra-violet line recorded is the one at 373, previously recorded 
under these conditions by Messrs. Liveing and Dewar. In the 
quantity spark other lines are seen, notably 6^ and 521. 
The line at 500 was considerably brightened when the number of 
cells was reduced, thus showing it to be due to some mnltyrnie 
which can exist best at a low tempeiatura 

(3.) That in the case of Manganese the only line visible at the 
temperature of the Bunsen burner, 5395, is the only line seen 
in the meteorites, with the exception of one in the violet at 403. 

(4.) That the lines of iron seen in the meteorites are those 
which are brightest when wire gauze is burned in the flame; chief 
among these lines ore 579, 5268, 4383, and 6024. 
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IDENTITY OF ORIGIN OF LtriflNOITS METEORS AND FALLING STARS 
'WITH METEORITES 

It is veiy fortunate for science that many of the meteorites so 
carefully preserved in our museums have lem mn tofaU. This 
being so we possess full accounts of the accompanying phenomena 
and effects. 

These comprise the most vivid luminosity; visible and audible 
explosions, in some cases heard over thousands of sq[uaFe miles of 
country, and, at times, a long train in the sky sometimes remaining 
visible for hours and indicating the path of the meteor. 

Now, precisely similar effects have been noted when nothing 
has reached the earth’s surface; and in the thousands of records 
of the phenomena ‘ presented by luminous meteors, £re- balls, 
bolides, and shooting or Mling stars as they have been variously 
called, we have the links which connect in the most complete 
manner the falls of actual irons and stones from heaven with the 
tiniest trail of a shooting or falling star, vm &oih guifie, gui jUe, 
et di^cercM. 

The heavy masses fall by virtue of their substance and com- 
pactness resisting the Motion of the air, the smaller bodies axe at 
once burnt up and £11 the upper regions of the earth’s atmosphere 
with meteoritic dust. 

The difihience is only one ojf size, and on this ground I employ 
the word meteorite in this book to define the smallest aa 'well as 
the largest masses. 
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As we have seen, the weights of meteorites which have actually 
fallen vary between many tons and a few ounces, the latter being, 
in all probability, fragments shattered by the explosion In the 
case of some shooting-stars the actual weight involved has been 
estimated by Professor Herschel as low as tioo grains. In tele- 
scopic shooting-stars the weight must be very much less tba,n this 
not one out of twenty estimated by him exceeding a pound. 

It may appear impossible that such atoms should produce the 
brilliant effects observed, but Professor Herschel has calculated 
that a single grain moving at the rate of 30 miles a second 
represents a dynamical eneigy of 56,675 foot-pounds. This energy 
is converted by the resistance of our grosser air into heat, as the 
motion of a projectile is converted into heat by its impact on the 
target;^ and hence the combustion of the matter of the meteorite, 
and perhaps even the incandescence of the air through which it 
rushes with such considerable velocity. This luminosity often 
commences at a height of about 80 miles, and sometimes even 
higher, in regions where the atmosphere must be excessively rare. 

Could these little bodies pioiue our envelope as readily as do 
their larger kmdred, the nieteoritic stones and meteoritic irons, we 
should certainly have the advantage of placing them in our 
museums ; but, on the other hand, the bombardment — the fm de 
del — ^might be one to which the/fi?4 d^enfer of all terrestrial artillery 
would he, in the gross total of results, as mere child’s play. 

But the identity of the concomitant phenomena is by no means 
the only lino of evidence demonstrating the connection now in 
question. 

Proof afforded ly the Sycetra of Meteors and Shooting-Stars. 

The spectral appeai’ances observed with meteors, fire-balls, and 
shooting-stars, which explode and produce luminous effects, are 
entirely in hamony with those observations on the speclara of 
meteorites to which I have referred, 

' The jwrlicIeB of iron in a large {irojeotllo, after itupaot, which is accompanied 
by a flaeh of light, are osually brought to a dark blue colour, which wonld corre- 
spond to about 665° F., but the momentary heat imparted is certainly greater theft' 
this. 
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The observations, so far as they have gone, have given decided 
indications of magnesium, sodium, Kthium, potassium, and of the 
carbon flutings seen in comets. 

Professor Herschel and Herr Konkoly have both noticed that 
in the generality of cases the lines of magnesium (one of the con- 
stituents of the olivine) show themselves first in the ordinary 
meteor or falling star, and the beautiful green light, which is so 
often associated with these falling bodies, is due to the incandes- 
cence of the vapour of magnesium. 

The following quotations from Konkoly and Professor Herschel 
are among the authorities which may be cited for the above 
statement : — 

On ISth, 18th, and 14th Augost 1 observed a number of meteors with 
the spectroscope ; amongst others, on the 12th, a yeUow fire-ball with a fine 
train, which came directly from the Perseid radiant. In the head of this 
meteor the lines of lithium were clearly seen by the side of the sodium line 
On 13th August, at lOh. 46m. lOs., I observed in the north-east a magnifi- 
cent fire-ball of emerald-green colour, as bright as Jupiter, with a very dow 
motion. The nucleus at the first moment ordy ^owed a very bright con- 
tinuous spectrum with the sodium liue ; but a second after 1 perceived the 
magnesium line, and 1 think I am not mistaken m saying those of copper 
also. Besides that^ the spectrum showed two very faint red lines.^ 

A few of the green “Leonid” streaks were noticed in November (1866) 
to be, to all appearances, monochromatio^ or quite undispeised by vision 
through the refracting prisms ; from which we xnay at least very probably 
infer (by later discoveries with the meteor-spectroscope) that the prominent 
green line of magnesium forms the principal constituent element of their 
greenish li^t^ 

Again, later on in the same letter, Professor Herschel mentiozis 
Honkoly’s obaervatiou of the bright I line of magnesium, in 
addition to the yellow sodium line, in a meteor on 26th July 1873. 
I again quote from Professor Herschel — 

On the morning of 13th October in the same year, Herr von Eonkoly 
again observed with Biowning^s meteor-^ectroscope the long-enduring 
stteak of a large fire-ball, whidb was visible to the north-east of O’Qyalla. 
It exhibited the yellow sodinm line and the green line of magnesinm very 

^ Eonkoly, OhmrHXtory, voL iil p. 157. 

^ Professor Heraohel, letter to NtOwret voL xziv. p, 507. 
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finely, besides other spectral lines in the red and green. Examining these 
latter lines closely with a star-spectroscope attached to an eijuatonal tele- 
scope, Herr von Konkoly succeeded in identifying them by direct companson 
with the lines in an electric Geissler-tube of marsh-gas. They were visible 
in the star-spectroscope for eleven minutes, after which the sodium and 
lines still continued to be very brightly observable through the 
meteor-spectroscope.^ 

Another series of observations® gives continuous spectra for 
the nucleus, and two trains with sodium, and a third with sodium 
and a predominant green band, which was doubtless 6 of magnesium, 
the meteor itself being of emerald-green colour. 

In cases where the temperature has been higher, the bright 
line spectrum of iron has been associated with the bright lines of 
i n eg noainTu in the spectrum of the falling star, so that the two 
substances which are among the chief constituents of stones and 
irons— precisely the two substances which we should expect to 
find— arc actually those which have been observed. The two lines 
which Konkoly supposes to be probably due to copper will, I 
expect, be found to bo iron lines when other observations are made 
of the speoti-a of metebra. 

These spectral appeainuces are naturally associated with 
colours, and again we find that the colours of the trail, when 
meteorites have fallen, closely resemble those observed when no fall 
has been observed. Green is a tolerably common colour, especially 
in slow-moving fire-balls about equal to Venus in lustre. Thes« 
generally leave a short trail of red sparks. 

About 10 per cent of all shooting-stars show a distinci 
colour, the most usual being orange or red, the slow-movinf 
ones generally being red. The laiger ones, or those with thi 
longest trails, often turn from orange to bluish-white, liki 
burning magnesium. Sometimes the change is very sudden an( 
startling.* 

A purple or mauve tint, like that given by copper, is sometime 
remarked. 

' Horaclisl, latter to Nature, vol. xxiv. p. 607. See also Mr. Naeh., No, 201' 
s MaiiOilv Notices, vol. xxiil. p. 576, 

® Cordcr, Monthly Notices^ vol. xl. p. 1S8. 
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Proof afforded hy Similar Velocities 

Again, the meteorites, as we have seen, enter our atmosphere 
with very different velocities. The same thing happens with 
falling stars, which on this account have been divided into three 
classes as follows — 

Class L Swift, streak-leaving meteors. 

11. Slow, with trains of sparks. 

III. Small, quick, short-pathed, sometimes with streaks. 

It has also been determined that the luminous effect which is 
common to the fall of a meteorite or the appearance of a shooting- 
star begins at relatively different heights. In fact, we have in 
meteorites, large fire-balls, and shooting-stars, a progression both 
with regard to the height at which they become visible and the 
nearness to the earth at which their luminosity is extinguished. 

The actual determination of these heights was commenced by 
two Gtottingen students — Brandes and Benzenberg — in 1798, at 
the suggestion of Ohladni, with the result that the upper reaches 
of the earth’s atmosphere were found to be pierced by bodies 
entering it with planetary velocities. 

Professors Herschel and Newton were the first to discuss the 
data accumulated on this subject,^ while, as early as 1864, Father 
Secchi made use of the electric telegraph in securing simultaneous 
observations.® The results of these combined inquiries may be 


thus shown in the case of shooting-stars — 




Beginuiug. 

Hud. 



Height m 

Height in 

Authority. 


miles. 

miles. 


Europe and America, ) 

70-1 

64-2 

H. 

1798-1663 J 

73-5 

60-6 

‘K. 

Italy, 1864 

74-6 

49-7 

S. 

Average 

72-7 

61-6 



In Hersohers values fire-balls are excluded, and hence the 

^ Herschel, B. A. Report, 1863, p. 828 ; Hewton, Sillioim'a Journal, second 
aeries, vol xzxvii., July 1864. 

® JBtUl. Meteor, vol. iii. p. 67- , 
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limits are narrower.' Fire-balls often arrive within 20 Tnilofl of the 
earth’s surface, and then the concussion is of nearly the same 
intensity whether stones fall or not. Denning finds the average 
beginning-heights of meteors generally is 76'4 miles (from 683 
computed paths), and the average end-heights 50'8 rnilAf i (fr^m 
756 computed paths). Tlie usual end-height of ordinary shooting- 
stars is 54 miles, and of fire-balls 30 miles.^ 

Such determinations as these, when the observations can be 
depended upon, can be made with the greatest nicety and by 
graphical methods. One of the earliest employed — a description 
of which will give a fair idea of the investigation — is due to 
Colonel Laussedat.® 

The observations stating the path of each meteor among the 
stars having been obtained, a 12-inch celestial globe is “rectified ” 
in the usual manner for the place and time. In this way we get 
first the azimuth and altitude of the beginning and end of each trail. 
This is done for every place at which the same meteor is observed. 

The results are then plotted on a large scale map, on which the 
latitudes and longitudes of the places of observation and the 
distances between them can be determined. The altitudes and 
distances permit the heights at the intersection of the lines of 
sight to be at onco found, and the agreement or disagreement of 
the observations can be ndticed, thus allowing inaccurate observa- 
tions to be rejected. 

By utilising such obseiwations as these, it is possible not only 
to determine the heights of meteors, but also to discover the special 
places on the earth over which they are visible, as well as the 
velocity with which they traverse the atmosphere. The lowest 
velocity determined up to the present time is something like 
2 miles per second ; the maximum is something like 50 miles a 
second ; but we may say that the average rate of movement is 
30 miles a second, which is about 1.50 times fester than a shell 
leaving one of our most powerful guns. 

> Mmlhly Notices, vol. xzv. p. 169. 

* lowml, Liveriiool Astr. Soo., vol. vii. p. 128. 

’ Oomptes Bendas, vol. Iviii. p. 1100, 1864. 
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THE AXmOBA A FHEKOMEirOK FBOBTJOED S7 THE BUST OF METEOBS 
ANB FAUHSrO STASS 

I HAVE already stated that Professor Hewton and others have 
calculated that not less than 20,000,000 of meteorites, each 
large enough to present us with the phenomenon of a shooting-star 
visible to the naked eye, enter our atmosphere daily. If this be 
conceded, the outer parts of our atmosphere must be constantly 
charged with meteoritio dust, whether oxidised or not, in a state of 
suspension, while it is possible that the earth encounters particles 
finer than that which produces tke phenomena of falling stars. 
This being so, if we can trace this dust in the air, or after it has 
fallen, or both — ^if chemical examination shows it to be identical 
with that of meteorites — ^we shall be supplied with another argu- 
ment which can be used in support of the fact that the bodies 
which produce the dust are meteoritic in their origin. 

It is natural to suppose that meteors in their passage through 
the air break into fragments ; that incandescent particles of their 
constituents, including nickel- iron, manganese, and the various 
silicates, are thrown off; and that these, or the products of their 
combustion, eventually fall to the surface as almost impalpable 
dust, among which must be mt^etic oxide of- iron more- or less 
completely fused. The luminous trains of falling stars axe pro- 
bably due to the combustion of these iimumerable particles, re- 
sembling the sparks which fly from a ribbon of iron burnt in 
OEygen, or the particles of the same metal thrown off when strikmg 



70 


THE METEORITIO HYPOTHESIS 


PABT III 


a flint. It is known that such paiticles in hurnmg take a 
spherical form, and are surrounded by a layer of black magnetic 
oxide. 

How are we to trace this dust in the air? It is well known 
that at times the air is electrically illuminated, not only by the 
flashes of lightning which pass along its lower levels, but by so- 
called “ auroral ” displays in its higher reaches, and the only mAana 
open to us of determining the presence or absence of this dust in 
the higher regions of the air is by observations of the atmosphere 
containing it when it is rendered luminous by electrical discharges. 
It is clear that in such a case as this the spectroscope is the only 
chemical aid applicable, and it has long been recognised that the 
spectrum observed is mt the spectrum of the constituents of the 
atmosphere, as we can study it in our laboratories. 

It becomes necessary, therefore, to make a thorough investiga- 
tion of the spectrum of the aurora borealis from the point of view 
that meteoritic dust, if it exists, is likely to assert itself in any elec- 
trical excitation of the atmosphere. 

It is now many years since the idea was first thrown out that 
the aurora was in some way connected with shooting-staxs. The 
connection was first suggested by Olmsted in 1833.^ In M. Zenger’s 
catalogue of aurorre observed from 1800 to 18*77, he shows an 
apparent connection between the brightest displays and the ap- 
pearance of large numbers of shooting-stars. M. Denza remarked 
the same connection on 27th November 1872, and that he 
had noticed it before. Admiral Wrangel, as quoted by Hum- 
boldt, observed that in the aurorse so constantly seen on the 
Siberian coast, the passage of a meteor never failed to extend the 
luminosity to parts of the sky previously dark. 

In spite of these ideas, even after the chemical nature of shoot- 
ing-stars was known, observers have in the main contented them- 
selves with making comparisons of the aurora spectrum with the 
spectrum of air under different conditions of temperature and 
pressure. 

It has never been possible, however, to reconcile the aurora 
1 SiUiman'a Jowmal, vola. hxv., joavi. 
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spectrum TOth. any known spectrum of air. Some observers are of 
opinion that the lines seen in the aurora coincide with air-lines, but 
have different intensities, and attempt to overcome this difficulty by 
assuming that the aurora spectrum is produced under conditions 
which we are unable to imitate in our laboratories. 

It is necessary to state that the existing observations of aurora 
spectra show such great differences of wave-length for what are 
probably the same lines, that it is somewhat difficult to assign 
origins for the lines. These discrepancies occur not only in the 
measures made by different observers, but in those made at differ- 
ent periods by the same observer. Further, the individual observa- 
tions are seldom recorded, but in place of them are given the meems 
of several observations, and in some cases the means have been 
obtained by grouping together lines which are very far apart. At 
best, therefore, it is only possible to suggest the probable origin of 
the lines and bands seen. 


The spectroscope was employed in investigating tlie nature of 
the aurora spectrum by Angstrom in He found that the 

light was almost perfectly monochromatic, the spectrum consisting 
mainly of a yellow-green line at a wave-length given by him as 
656*7. With a wide slit other faint bands were visible. 

The note is so short that I give it in full ; translated it reads 
thus — 

1868. — From the time of Franklin’s memorable observations on elec- 
tricily up to the present there has been sndi a perfect agreement between the 
actions of this natural force and those of frictioxud electricity, that it was 
easy to foresee that the spectrum of lightning must be the same as that pro- 
duced by the ordinary electric discharge in air. The observations made 
by M. Eundt have perfectly proved this. The two phenomena of the 
aurora borealis and of terrestrial magnetism being so dosely connected with 
each other, that the appearance of the aurora is always accompanied by dis- 
turbances of the magnetic needle, it might be supposed that the aurora 
hoiealie was only an electric fash, which is, however, not the case; During 
the winter of 1667-68 1 was able several times to observe the spectram of 

^ Le Spectre Normal du Soloil, p. 41. 
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the luminous arc which borders the dark segment, and is always present in 
faint aurorae. Its light was almost monochromatic, and consisted of one 
bright line, on the left of a group of calcium lines. I determined the wave- 
length of the line, which was equal to X = 5667. Beyond this line, the 
intensity of which is relatively great, I observed also, by increasing the 
width of the slit, traces of three very faint bands which extended almost to 
F. On one occasion only, where the luminous arc was agitated by undula- 
tions which changed its form, I saw the regions in question lighted moment- 
arily by some faint spectral lines ; but considering the lack of intensity of 
the rays, it may still be said that the light of the luminous arc is sensibly 
monochromatic. 

Here is a circumstance which gives this observation on the spectrum of 
the aurora borealis a greater and even cosmic importance. During a week of 
the month of March 1867 I succeeded in observing the same spectral line in 
the zodiacal light, which had then an extraordinary intensity for the latitude 
of Upsala. At last, during a starlight night, the whole heavens being in a 
manner phosphoi'cscent, I found traces of it even in the faint light emitted 
from all parts of the firmament. A very remarkable fact is that the hne in 
question coincides with none of the known lines in the spectra of simple or 
compound gases, at least so far as I have studied them at present. It 
follows from what I have said that an intense aurora borealis, such as may 
be observed above the polar circle, will probably give a more complicated 
spectrum than that which I saw. Supposing that to be the fact, it may be 
hoped that in the future it will l>e possible to explain more easily the origin 
of the lines found and the nature of the phenomenon itself. Not being able 
to give this explanation at present, I propose to turn to it another time. 

Zolkier'B Vievj. 

In the Beiport to the Boyal Sawon Academy of Sciences, October 
1871, ZoUner expressed tlie opinion that the temperature of the 
incandescent gas of the aurora must be very low. He afi&rmed that 
the spectrum does not correspond with that of any known sub- 
stance, and suggests, therefore, that it may be one given by air 
under some peculiar condition which cannot he experimentally 
reproduced. (A translation of ZoUner’s paper is given in the Philo- 
Bophical Magazim, voL xli. p. 122.) 

VogePa Views. 

Vogel also makes the same affirmation, and comes to the same 
conclusion as ZoUner, namely, that the spectrum of the aurora is 
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one which cannot be artificially produced. He suggests that it 
may be the integrated spectrum of several layers which exists under 
different conditions QRqports oftha Royal Saxony Academy of Soi&nces, 
1871).^ He points out that the characteristic line in tie aurora 
spectrum observed by Ingstrom is coincident with a very faint line 
of nitrogen. That this line should appear in the aurora spectrum 
with enhanced intensity he regards as quite consistent with the 
known variability of gas spectra under various conditions of tem- 
perature and pressure. He also points out the possible coincidence 
of one of the lines with a line in the negative pole spectrum of 
nitrogen at wave-length 6224, of another with an oxygen line at 
6189, and of another with the strong nitrogen line 6004. The red 
line in the spectrum he regards as having the same origin as the 
group of lines in the spectrum of nitrogen which extends from 
6213 to 6620, and brightens towards the violet end, the change in 
appearance being due to the faintness of the aurora. This, how- 
ever, is not likely to be the cas^ as the red line has been seen both 
blight and sharp (E. H. Proctor, " Aurora^” ETicyclopcedia Rritanmca). 

In the same paper, Vogel shows the close coincidences between 
the aurora lines and lines in the spectrum of iron, but considers it 
more in accordance with probability to regard the aurora s|)ectrum 
as a modification of the spectrum of atmospheric air. 

0 

Angslrom^sfwrther Olservatiom wnd Condwione, 

In a later paper (JNatwe^ voL x. p. 210), Angstrom arrives at 
conclusions which may be thus briefly stated — 

(1) That the aurora has two different spectra, one consisting of 
the characteristic line, and the other of the fainter lines, 

(2) That the coincidences of the bright green line with a faint 
line in the spectrum of air, as determined by Dr. Vogel, is purely 
accidental, and also that there is no coincidence of any importance 
with any member of the hydrocarbon group in which it falls. 

(3) That the bright line is probably due to fluorescence or 
phosphorescence. 

^ A translation, of Vogel’s paper ia^ven by Oapron, AwvroSf p. IH. 
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(4) That Vogel’s theory of unknown conditions of temperature 
and pressure being competent to produce the change from the ordi- 
nary experimental spectrum of air to that given by the aurora is 
inadmissible. (Angstrom regarded the spectrum of a gas as 
invariable.) 

(6) That moisture may be neglected in considering the nature 
of the aurora spectrum. 

He describes an experiment on a glow equivalent to the glow 
of the negative pole of an air vacuum-tube, in which the spectrum 
obtained showed close coincidences with three faint lines in the 
aurora spectram. A layer of phosphoric anhydride is spread over 
the bottom of a flask fitted with platinum wires ; after exhaustion 
with an air-pump, the current from an induction coil is passed 
between the two platinums. Tlie flask then becomes filled with 
a violet light like that which, under ordinary conditions, only 
appears at the negative pole. The spectrum of this light shows the 
following close coincidences with that of the aurora 

. 4.S1 470-5 

. . . 409-4 623-8 

. . . 472-0 621-0 

. 426-2 409-4 623-6 


. 428-6 470-3 622-0 

. 427-2 470-7 622-7 

Although this coincidence is rather striking, it must be remem- 
iKjred that there are other strong bands in the spectrum of the 
negative pole which do not appear in aurora spectra. As mapped 
by Hasselberg, the spectram of the negative pole consists of a series 
of bright flutings shaded off towards the violet, the brightest edges 
of them being at wave-lengths 419-8, 423-6, 427-8, 451‘6, 465-4>' 
469-9, 466-1, 470-8, all these are of equal intensities ^ (see Fig. 18^ 
Oapron remarks that “if the violet pole glow spectrum is to, 
represent the aurora spectram, it must be under conditions different* 
from those by which it obtains in dry-air vacuum tubes or flasks 4, 
ordinary temperatures “ (Aworce, p. 126). 

* itiimires dt PAeaiUmie ImptriaU des Scimets de 58. Pittf’iditurg, Series 
vol xxxii. No. 16. 


Atirniw 


/ Barker . 

j AngHtroni 
* Leiiifitrum 

MeJiiiB , 






I. 19.— Duaiux BH O WUM Q THAT THB AHBOBA SPBCTBinC 18 HOT A SfBGTBITM OT IS^ITBOGSH OR OZTOBH. 
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There can, therefore, be little doubt that the aurora spectrum 
has nothing in common with the negative pole spectrum of nitro- 
gen, and that the three close coincidences noted by Angstrom are 
merely accidental. 

With regard to Angstrom’s remark that Vogel’s theory that the 
aurora spectrum is a spectrum of air under unknown conditions is 
inadmissible, we now know that gas spectra are not so invariable 
as Angstrom supposed ; but still we have no right to assume that 
any particular change is possible until we can prove it experi- 
mentally, or at the very le^t, prove an approach to such a change. 
If we assume that any change may take place in any spectrum, we 
upset the whole basis of spectrum analysis. 

Oomparism of tlu Aurora ^ectrum urith the Negative Pole Spednm 

of Osnjgm. 

The negative pole spectrum of oxygen, as mapped by Schuster 
{Phil Trans. Part I., 1879), consists of four broad bands, the two 
brightest having the following positions : — 

C292’5 } 

^ l-Briglitest i>art . . . 5586 

6629-6 J 

Under great dispex-siou, these bands break up into series of lines. 
The proximity of the brightest part of one band (6586) to the 
aurora line is notable, but considering that the aurora line is 
always sharp, Schuster concludes that there is no connection 
between the spectrum of the aurora and that of the negative pole 
glow of oxygen (quoted by Capron, Aurorce, p. 130). 

Oompnriiton with the Spectrum of Hydrogen. 

Similarly, all attempts to identify the spectrum of the aurora 
with that of hydrogen, another constituent of our atmosphere (in 
the form of water vapour), have failed. On this point Capron 
remarks: “No principal line and one subsidiary line only,’ 

* The uibsidiaTy lines of hydrogen constitute what I have elsewhere described M 
the structure sjiectrum of Iiydrogen. 
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actually coiucide with the aurora spectrum, this last being that to 
which Dr. Vogd assigns an identical wave-length, viz. 6189” 
(Atiroroe, p. 109). 

That this coincidence is of no importance is obvious when 
it is remembered that there are a great number of such UnAn 
in the spectrum of hydrogen, and that no experiments have been 
recorded indicating that this line is more persistent tban the 
others. 


Next in importance to comparisons of the aurora spectrum with 
air spectra is the comparison with the flame of phosphoretted 
hydrogen, in connection with Angstrom’s suggestion that, the 
characteristic green line ncay be due to phosphorescence or fluo> 
escence. The spectrum of phosphoretted hydrogen consists of 
several bands, the centres of the four brightest being at 526*3, 610*6, 
660*5, and 599*4 (Lecoq de Boisbaudran, Spectres Lummem, p. 
189). These bands brighten when the flame is artiflcially cooled, 
especially the less refirangible ones. 

On this subject Capron says — 

Having regard to the near proximity of the phoi^horetted hydrogen 
band to the bright aurora line, to the circnmetance of this band brightening 
by reductipn of temperature (a phenomenon probably c(nmected with osoneX 
to the peculiar brightening of one line in Iho green in the "aurora” and 
“phosphorescent” tubes (the phosphorescent tubes probably containing 0), 
and to the observed drcumetance that the dectrie discharge has a phos- 
phorescent or fluorescent afterglow (isolated, I bdieve, by Faraday), 1 feel 
there is strong evidence in &your of such an origiu to the principal aurora 
line^ if not to the red line as well {Avrom, p. 12S). 

But the mere fact of oue of the phosphoretted hydrogen bands, 
and that only the third in order of brightness, falling near the 
chaiactezistio aurora line cannot be supposed to be anything more 
than accidental, unless the^bsence of the two brightest bands can 
be explained. As this cannot be done, the suggestion may be dis- 
regarded. 
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The information given about the green line seen in the phos- 
phorescent tube by Capron is sufficient for any conclusions to be 
arrived at. 

Groeneman’s Meteoric Dust Theory. 

So far we have had chiefly to deal with theories in which the 
aurora spectrum is regarded as being inseparable from that of 
atmospheric air, but we have next to consider one which, if true, 
would give a totally different origin. 

In 1874 Groeneman (^Ast. NaeU. No. 2010) resuscitated the 
theory of Olmsted that the aurora has its origin in the fall of incan- 
descent meteoric dust.' The iron particles are regarded as being 
competent to produce the magnetic phenomena which accompany 
aurone. This theory was not received very favoui-ably, because it 
left the spectroscopic phenomena as far from a solution as ever. 
Thus Capron remarks {Aum, j.. 170) that “if auroral were com- 
posed of iuoandesoeut glowing meteors, it would be reasonable to 
expect to find in the spoolrum the lines of iron, a metal constituting 
so prominently the composition of meteorites. No connection 
between the iron and the uurom spectram is, however, proved, 
though it may bo .suspected. The iron spectrum contains so many 
linos that some may, as a niei’c accidental circumstance, closely 
agree with the aurora lines." Vogel also considers that we are not 
entitleil to regard the close coincidences of the aurora lines with 
some of the iron lines as complete evidence of iron vapour, until 
we have succeeded in showing by e.xporiments that the relative 
intensities of the iron lines are subject to great changes, and in 
this way accounting for the appearance of faint Hnes in the aurora 
spectrum, or, on the other hand, for the absence of the strongest 
lines. 1 shall show suhsciiueutly what experiments have now con- 
clusively proved the presence of iron. 

Mr. Gapron’s Oonehmona. 

In reviewing the theories suggested up to 1879, to explam the 
origin of aurora, Mr. Rand Capron makes the following statement 

« This theory WM suhsequontly dUonssod iii an appendix to tho 
Societa drali SpdromfyM iMimii, 1878. 
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As thegeneial result of epeetmm work on the anioia up to the present 
time, we seem to have quite fuled in finding any spectrum which, as to 
position, intensity, and general character of lines, well coincides with that of 
the aurora. Indeed, we may say we do not find any spectrum so nearly 
allied to portions even of the aurora spectrum as to lead us to conclude that 
we have discovered the true nature of one spectrum of the aurora (supposing 
it to comprise, as some consider, two or more). The whole subject may be 
characterised as stiU a scientific mystery (Awmm, p. 171). 

Zemstrom’a Observations. 

The next contribution to our knowledge of aurora spectra of any 
importance is that of Lemstrom’s {L'Awore BoriaJLe, 1886). All 
previous observers who attempted to identify the spectrum of the 
aurora with that of atmospheric air failed to do so, but Lemstrom 
asserts (p. 158) that the twelve lines which have been recorded in 
aurora spectra are nearly all seen in the spectrum of a Geissler-tube 
containing the same gases as those constituting our atmosphere. 
The differences in the relative intensities he bdieves to be due to 
conditions of temperature and pressure.^ Although the auroral 
line (wave-length 557) does not agree perfectly with the line at 
558 seen in the spectrum given by lus appoereil de Vavavre boriode 
(air vacuum-tubes illuminated by sparks ficom a Holtz machine), 
he regards the atmospheric origin of the aurora spectrum as com- 
pletely demonstrated. He states (p. 138) that the charaoteristio 
line of the aurora spectrum is always seen in the light produced by 
the disohaige of an electric current (by means of his appareiil 
d^ieovlemm{) from the top of a mountain. He gives a table of 
auroral lines compared with the lines in the spectra of rarefied air, 
as observed by himself, and by Yogel and Sundell under other con- 
ditions. The air lines recorded by Yogel nearly all coincide with 
lines recorded as oxygen lines by Schuster (PhM. Tram. Part I. 
1879) ; but it is important to note that some of the strongest linfta 
mapped by Schuster are absent from Yogel’s list (see Pig. 13). So 
that, even if we allow that some of the aurora lines fall near linaa 
of oxygen, the absence of the brightest oxygen lines from the 

^ *‘Si Ton se demande poxirquoi on ne yoit point dans I'aniore polaire tontes les 
laies eziatant dans ces gaz, rez^rience r^pond qne les raies des gaz cliangent selon 
la temp^ratnre et la pression de ces gaz ” {£*Atmre Sor^e, p* 158). 
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spectrum is sufficient evidence for us to safely conclude that we are 
not dealing with the line spectrum of oxygen. We have previously 
seen that it is not the negative pole spectrum of oxygen. 

In the same table {L’Attrore Bordale, p. 92), the aurora linos are 
compared with some of the lines or bands observed in the spectrum 
of rarefied air by Lemstrom. The air lines which he gives all 
agree in position with some of the nitrogen flutings mapped by 
Hasselberg {Memoires de VAcaMmM ImpiriaU dc St. Pdt&rabmrg, 
Series VIL, vol. xxxii., No. 15). One of them is at wave-length 558, 
and this he believes to be coincident with the aurora line 557. The 
intensity of the line is not given, bub Hasselberg gives it as a com- 
paratively feeble fluting at 557 (see Tig. 13). Considering the 
absence of the brightest nitrogen flutings from the spectrum of the 
aurora, the supposed coincidences between some of Lemstrom’s 
rarefied air lines and lines in the aurora spectrum, which are far 
from perfection, may be disregarded. 

The same objections apply to the lines in the rarefied air 
spectnim which have been recorded by Sundell ; those which fall 
anywhere noai- lines in the aurora are comparatively faint flutings 
or lines in the spectmn of nitrogen ; at all events, flutings of the 
same or greater intensities are absent, and there is no evidence to 
show that the coincident ones retain their brightness as the others 
fade. 

Lemstrom thus leaves the origin of the aurora spectrum as un- 
certain as ever. There is no evidence to show that it is a spectrum 
of air, or, indeed, of any other gas. If it be a spectrum of air, it is 
one which has never been obtained experimentally, and one which 
can only be put forward by making unphilosophicd assumptions 
and carefully avoiding experiments. 

QyUmshibWs Observations and Oonclusions. 

Still later observations of the aurora which have been published 
are those made at Cape Thorsden by M. Carlheim-GyllensMbld.* 
Two lists of lines are given, one from observations made with a 

* Obsermtioni faites «w Cap Thoradm<, Sp^tberg, par VEsepidUim SatdoiMf voL 
U. p. 1. Aurora Borealii, par Carlheim-Oyllenskiold. 
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Hofoiann spectroscope, and the other from observations made with a 
Wrede spectroscope. The lines in the first list extend &om blue to 
red, and those in the second list from green to violet. The indi- 
vidual observations of different aurorae with the lines observed in 
each are given. 36 aurorae are recorded in which only 1 line was 
visible, 15 in which there were only 2 lines, 6 with 3 lines, 16 with ' 
4 lines, 6 with 6 lines, 4 with 7 lines, 1 with 8, 1 with 9, and 1 
with 10 lines, so that altogether no less than 84 observations are 
recorded. 

The total number of lines seen was 32. Gyllenskiold’s Ttiflin 
conclusions are — 

(1) That 16 of the aurora lines nearly coincide with air lines, 
8 with the positive pole spectrum of nitrogen, 4 with the negative 
pole spectrum of nitrogen, and 3 with lines of hydrogen. 

(2) That the aurora spectrum greatly resembles that of 
lightning , and he regards it as consisting of several superposed 
spectra. The variable character of the spectrum is accounted for 
by the absence sometimes of one, sometimes of another, of these 
elementary spectra. 

(3) That the brightness of the aurora does not depend upon 
the energy of the electrical discharge which produces it, but upon 
some cause with which we are not acquainted. 

(4) Two Muds of auroree are distinguished, — ^red and yellow. 
In the former, the positive pole spectrum of nitrogen is pre- 
dominant, while in the latter the nsgative pole spectrum is pre- 
dominant Laboratory experiments have shown that the positive 
pole i^ectrum of nitrogen is given by dense moist air, while the 
negative pole spectrum is given by rarefied dry air ; and GyUen- 
skifild suggests that the ydlow aurorse are formed in the higher 
parts of the atmosphere, and the red ones in the lower layers. 

(5) That the observations bear out iingstrom’s suggestion that 
some of the bands belong to the negative pole spectrum of nitrogen. 
Ee says : Eos observations confirment done Topinion d’i.ngstr5m, 
que les bandes fublement lumineus^ de I’aurore bor4ale appartien- 
nent au spectre du p61e negatif ; auxqu^es les bandes et les lignes 
de I’aeote se joignent dans certains cas.” He observes that the 

o 
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characteristic line of the aurora appears in company with the 
negative pole spectrum, and says it is probable that some of the 
more refrangible bands of the positive pole spectrum also appear at 
the same time. Both the positive and negative pole spectra are 
very rich in violet and ultra-violet rays, and Gyllenskiold’s obser- 
vations support Angstrom’s view, that the characteristic line is due 
to the fluorescence of oxygen produced by the violet light of the 
negative pole. 

This fluorescence, however, cannot be reproduced in experiments 
with Geissler-tubes, and M. Gyllenskiold concludes that the origin 
of the characteristic line still remains unexplained, but he suggests 
that its origin may eventually be discovered by investigation of the 
fluorescent spectra of various chemical substances. 

The chai-acteristic aurora line therefore remains unexplained by 
M. Gyllenskiold. As regards the remaining lines, he states that 
sixteen nearly coincide with air lines, but it is important to note 
that these are not the sixteen strongest air lines. Some of the 
lines fall near to bands in the positive pole spectrum of nitrogen, 
as Gyllenskiold points out; but equally strong or stronger bands are 
not seen in the aurora, so that the coincidences are only accidental 
The same applies to the bands in the negative pole spectrum. 

Like Lemstrom, then, Gyllenskiold makes no advance as regards 
tho origin of the spectrum of the aurora, but at the same time it is 
only fair to acknowledge the value of the observations. With 
regard to the third conclusion, my work suggestst hat the bright- 
ness of the aurora may depend upon the varying quantities of 
meteoritio dust in the atmosphere at diiierent times. 

I liavo next to refer to my own observations and comparisons. 



CHAPTER IX 


SOME EXPERIMENTS AND A FURTHER DISCUSSION 

In order to demonstrate tliat the aurora spectrum does not coincide 
with the vacuum-tube spectrum of air, I have made a series of 
observations of an end-on air vacuum-tube, about 5 feet long and 
2 inches in diameter. The tube was arranged as in Eig. 14k, one end 
being connected witlfthe Sprengel pump, and the other with a 
piece of glass tube, by means of mercury joints. The latter tube 
was connected with a hand air-pump to save time in exhausting. 
Alter partial exhaustion the tube was sealed off with a blowpipe, 
and the exhaustion completed with the Sprengel. The slit of 
the spectroscope was placed close to the bulb at the end of the 
tuba (Eig. 14), The diagram also shows a Gleissler-tube arranged 
for comparison. 

When the spark first passed only a few of the strongest nitrogen 
flutings in the violet were visible, but as the pressure was reduced, 
the spectrum gradually extended towards the red. A line of 
oxygen at 5320 was visible in the early stages, but it afterwards 
disappeared. At the most luminous stage, nothing but nitrogen 
flutings were visible. After a time these flutings became dim, 
and low temperature flutings of carbon appeared. Then the F 
line of hydrogen appeared, and a little later the G liuft. Later 
still, the hydrogen line at G also appeared. With the further 
di mm ing of the nitrogen flutings, an oxygen line at 47l bright- 
ened, being sometimes as bright as the E line, and brighter than 
the carbon flutings. The whole spectrum then became very &int, 
but as the line at 471 dimmed, another oxygen line at 465 ap- 
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peared. Ultimately, tlie glow was so faint that only a few of the 
nitrogen flutings were visible. 

The sequence of the various flutings and lines is shown in 
Fig. 15. Below the various air spectra the principal lines of the 
aurora spectrum are given for comparison. It will be seen at a 
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glance that tliere are no coincidences with the most persistent 
flutings, which are all that need be considered. 

Excluding for the present Gyllenskibld’s observations, the 
general results arrived at may now be tabulated, I should add 
that since I communicated to the Boyal Society in 1888 some of 
the results embodied in the table, a further inquiry has suggested 
that the lines F and G of hydrogen (X 486 and 434) have been 
really seen, as well as those of the substances indicated in 
the map given in Fig, 16, 

The chemical substances indicated, it will be seen, are precisely 
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L& f This means brightest f uting. t Ori^ not determined, bnt the line is seen in the spectrum of the Limerhdc meteorite. 
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iihose constituents of meteorites which are volatilised at the lowest 
tempeiatores, namely, manganese, magnesium, and lead. Besides 
these there axe probably hydrogen and hydrocarbon, besides possibly 
other compounds of carbon which, when rendered iucandescent^ 
give the carbon dutings. 

In discussing the meteoritic dust theory, as first enunciated by 
Olmstead during the display of 1833, spectioscopists lost sight of 
the importance of considering the volatility of the meteoritic con- 
stituents, instead of their quantitiea Iron exists in great quantity 
in meteorites, and was naturally the first thing to be expected in 
the aurora spectrum, supposing it to be a meteoritic phenomenon. 
But, as I have already pointed out (p. 50), experiments on the 
luminous phenomena seen at low temperatures show that if mag- 
nesium, manganese, and lead are present in meteorites, they will 
be indicated in the spectrum before the iron. 

The aurora being a low temperature phenomenon, we should 
indeed expect to find in its spectrum lines and remnants of 
fiutings seen in the spectra of meteorites at low temperatures if its 
origin were in any way meteoritic. 

The characteristic line of the aurora is very probably the rem- 
nant of the brightest manganese fluting at 668.^ Angstrom gave the 
wave-length of the line as 5567, and since then many observers have 
given the same wave-length for it, but probably without maMng 
independent determinations. Fiazzi Smyth, however, gives it as 
558, which agrees exactly with the bright edge of the manganese 
fluting. B. H. Proctor also gives the line as less refrangible than 
Angstrom does. He says : “ My own measures give me a 
wave-length very slightly greater than those of Winlock and 
Angstrom.^ 

Gyllenskidld’s measures with the Wrede spectroscope also give 
5580 as the wave-length of the characteristic line. I feel justified, 
therefore, in disregarding the difference between the wave-length 
of the edge of the manganese fluring and the generally accepted 
wave-length of the aurora lina 

^ Wliile iliu book is passing titiongb the press. Dr. Hnggine has osiOfld Uns 
gestion in question. • Nature, voL iiL p. 4fll8, - 
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The line of manganese at 540, which is seen also with the 
fliitings, has been recorded in the aurora by Vogel. 

The remnants of the two magnesium flutings at wave-lengths 
500 and 521 are also seen as lines in the aurora. In addition to 
these, there is sometimes the lead fluting at 546, and probably also 
the gi'een line of thallium at 535, as indicated in the tables. 

Four lines in the aurora spectrum are probably due to carbon. 
The timt is at 51G-5, the brightest fluting seen in the spectrum of 
a Bunsen burner; I have previously described this as a high- 
temperature fluting, but the term is only relative. The second is 
the low-temperature fluting at 483, which has been recorded by 
several observers. There is probably also the high-temperature 
carbon group beginning at 474, the maximum light of which is 
about 469, Vogel records it as a band extending from 463 to 469, 
and Lerastibm as 469 to 47l. These observations, therefore, justify 
us in regarding this as a band, and if we take the readings of the other 
observers as the wave-lengths of the jiart of maximum brightness, 
wo get the mean reading of the maximum as 467’6. This agrees as 
well as can be expected with the true wave-length of the maximum, 
468. The hydrocarbon fluting at 431 has probably also been seen. 

Fig. 1 6 shows how the aurora spectrum can be built up from the 
lowest temperature spectra of manganese, magnesium, lead, and 
thallium, and the brightest flutings of carbon. When the tempera- 
turo is increased iron (015) sometimes flashes in. 

Miriher Pisatssimt of GpUensIdolePs Ohsermtims. 

If, in discussing Gyllenskiold’s observations, we limit ourselves 
to those cases in which not more than four lines were recorded, we 
find that with a few exceptions, the lines seen were lines which are 
brightest in the spectra of meteorites at low temperatures. It 
might at first sight he expected that when only a few lines am 
seen, they ought to be the same in every ease. There are varia- 
tions, however, which in all probability are due to differences fet 
composition of different groups of meteorites. 

The following tables contain all the observations in WbiSila 
not more than four lines were recorded. The probable origiii 
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of each hue is also stated. Some of the lines have been arranged 
in different columns, as the discussion has suggested. 

It unll be observed that the cliaracteristic line was seen alone 
eight times by GyUenskiold out of the thirty-eight observations 
recorded in the first table. 

Out of the total number of seventy-six observations in the 
tables, the line of manganese at wave-length 540, which is seen in 
the spectra of many of the “ bright line stars,” was seen alone on 
two occasions, and six times in company with other liupa 

The first fluting of lead, at wave-length 546, occurs alone three 
times, is twice associated with the thallium line, and occurs six 
lime.s along with other lines. 

The remnant of the magnesium fluting at 500 occiu’s alone only 
once, but that at 521 occurs alone six times. 

The first fluting of carbon, at 517, occurs alone three timp a^ 
and twice in company with other lines. The carbon band extending 
from 4G8 to 474 occurs alone four times, and six times with other 
lines. The low temperature fluting of carbon at 483 only occurs 
once, and is then alone. The first iron line at 579 occurs alone 
twice, and six times along with other lines. When we get iron ap- 
parently witliout manganese 558 it is probably due to masking of 
558 by continuous spectrum. The green line of iron at 527 occurs 
alone seven times, and thirteen times in company with other lines. 

The thallium line appears alone only once, but in company 
with other lines it appears fifteen times. 

There arc only six lines for which no origins can at present be 
su^osted. The cliHcrepanoics between the readings of the same 
lines at different times are so great that a few outstanding lines 
are only to be expected. 

It now remains for future observers to determine by direct 
comparisons whether the coincidences suggested are real, or merely 
accidental approximations. 

The Norwegim Ohservatims. 

The Eeporfc of the Norwegian Polar Station at Bossekop in 
Alton, in connection with the International Polar Investigation 
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(1882-1883), gives the results of a few interesting observations of 
the aurora speotrom. Herr Hrafft states that in general only the 
characteristic aurora line (558) is seen, even in strong aurorae. 
The red line occasionally appears very conspicuously, but only 
in flashes. 

The wave-lengths obtained for the aurora line were 5595, 5586, 
and 5587. Unlike most observations, these place the aurora line 
on the less refrangible side of the manganese fluting. Hence, 
we have an additional reason for neglecting the difference be- 
tween the wave-length of the brightest edge of the manganese 
fluting, and the commonly accepted wave-length of the aurora 
line, as given by Angstrom. 

On account of the rapid flashing-up and disappearance of the 
red line only one measurement could be made, and the wave- 
length obtained was 6205. If this reading be reduced in the 
same proportion as those of the green line, a wave-length is ob- 
tained which agrees almost perfectly with that of the brightest 
edge of the iron fluting.^ 

These observations are the latest which have been published, 
and were obviously made with a full knowledge of all previous 
work, so that their importance must be strongly insisted 
upon. 

It is fair to assume that the red line is due to iron, because we 
know that the effect of a slight increase in tine intensity of the 
discharge which produces an aurora in which only the manganese 
fluting is visible would be to bring out the iron vapour. Hence 
in an aurora in which the green line is constant, and the red line 
is only intermittently visible, there must be a discharge in which 
there are sudden fluctuations in intensiiy, and a simple cause of 
the reddening of the aurora is now before us. 


The Speatmm of lAgMnmg. 

If the origin of the auroral spectrum is really that which I 
have assigned to it, in lightning in which the electric action is 

* These ohsemthnu wen nob erailable to me hefoie the preceding maps, Kgi. IS, 
16, were made, so that the iron line has been omitted from them. 



94 


THE METEORITIG HYPOTHESIS 


PAET m 


feeble we ought to agaiu meet with some of the lines indicating 
higher temperatures. 

Dr. Schuster made a series of observations on the spectrum of 
lightning in Colorado in 1878. The region of the spectrum dealt 
with extended from wave-length 500 to 580, and the following 
lines were observed : — 

559 2 
533-4 
518-2 
516-0 

There can be little doubt that the first line on the list is the 
remnant of the manganese fluting at 558, the same as seen in 
aurorae. The second is in all probability the thallium line at wave- 
length 535, the third is iirobably I (518-3), and the fourth the edge 
of the carbon fluting at 516, 

The luics at 559-2 and 516 were only seen on one occasion. 

These observations are of very great importance, inasmuch as 
they appear to indicate that the diflbrence between the spectrum 
of feeble or diilused lightning and the spectrum of aurora is due to 
a difference of tempemture only. 

Not only can wo thus trace the difference in the spectrum as 
wo pass from aurora to lightning, but just as we can trace the 
effects of gi-atlimlly iuci-oasing temperatures on the spectrum of 
the aurora, we can trace the changes due to variations in the 
intensities of lightning discharges, as I shall now proceed to 
indicate. 

The spectrum of lightning as observed by Schuster in Colorado 
was obviously one produced by a comparatively feeble discharge. 
It differa from what may be conveniently called a "high tempera- 
ture aurora” only in having tlie magnesium fluting at 500 replaced 
by i. It is important to note, however, that the difference in the 
number of lines often seen in auroras and in lightning is in aU 
probability due to the instantaneous character of the latter. 

As we pass to the spectrum of such a discharge as Vogel observed 
in September 1871, the 500 line of nitrogen makes its appearance, 
and the manganese fluting at 558 disappears. Vogel's complete 
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list of lines is as follows (Poggendorff s AnncUen dear Physih, band 
cxiiii. p. 654) — 

534*1 

618*4 

600*2 

486*0 

to 468-3 

The band seen by Vogel in the blue was in all probability the 
osxbon band; this is the most visible of the carbon bands in con- 
sequence of the absence of continuous spectrum in the blue. 

The last stage in the spectrum of lightning seems to be that in 
which the brightest lines in the spectrum consist entirely of lines 
of nitrogen. Such a spectrum has been obsei-ved by Colonel John 
Herschel, the following lines being recorded : — 

669-7 

600-9 

463-6 

These are the three strongest lines of nitrogen, the wave-lengths 
of which, according to Thaldn, are— 

667-8 ) 

566-6 ) 

600-6 1 

600-2 J ” ” 

463-1 

We have, therefore, an almost complete sequence of electrical 
discharges through our atmosphere, from discharges so feeble that 
we only see the 500 fluting of magnesium, or the first fluting of 
manganese in their spectra, to those in which the brightest lines of 
nitrogen, characteristic of intense discharges, are the brightest lines 
visible. 

In experiments with large air vacuum tubes the lima of nitrogen 
are ne-rer seen, and it is extremely improbable, therefore, that they 
would occur in weak ditoharges through a space which is much 
less confined. Hence, when the line at 500 is seen in conjunction 
with the fluting of manganese, it is in all probability due to mag- 
nesium and not to nitrogen. 
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The forked lightning discharge can be imitated by a jar spark, 



or by the spark from an electiical machine, and the brightest lines 
in tlie spectra, as we have seen, are identical. 
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Kg. 17 shows the various spectra of air charged with meteoritic 
dust when illuminated by electrical discharges of gradually increas- 
ing intensities. The lowest temperature of all gives the Mn fluting 
at 558. With the first increase in intensity the iron fluting (616) 
is at times momentarily added, then magnesium, lead, thallium, and 
carbon until there is a complete spectrum. The next stage of 
increasing intensity is that observed by Schuster, in which mag- 
nesium is represented by 1. Then comes Vogd’s spectrum, entirely 
without manganese, but with h. Thallium (535), Hydrogen (F, 
486), Carbon band (468-474), and Nitrogen (600). Schuster did 
not make observations beyond 600, so that the continruty in that 
r^on is apparently broken. 

It is possible that the broad band in the blue observed by Yogel 
was the group of nitrogen lines, the brightest of which is at 463 ; 
but in that case it is difficult to understand why a decided maxi- 
mum was not recorded. Finally, we have the spectrum observed 
by Colonel Herschel, in which those nitrogen lines appear brighter 
than all the rest, exactly as they appear in an intense spark dis- 
duuge in our laboratories. 

I think it will be granted that, after what has preceded, there 
is strong evidence of an intimate relation between the spectrum of 
the aurora and the spectra of meteorites, which leads to the con- 
clusion that the upper reaches of the atmosphere contain particles 
of magnesium, manganese, iron, and carbon. 

The natural origin is the dust of those bodies which are con- 
tinually entering those regions, and hence the proof afforded by the 
spectroscopic observation of shooting-stars, that they are identical 
in chemical composition with meteorites, is strengthened by 
auroral observations; while, on the other hand, the origin of the 
auroral spectrum receives a new explanation. Certainly the coin- 
ddence is such as to justify us in regarding meteoritic dust as the 
origin of the spectrum until a better and more probable origin ia 
demonstrated. 

How this view will meet the periodicity and geographical dis- 
tribution of aurorae remains to be investigated; the q,uestion 
may be asked whether the earth sometimes meets greater 

E 



98 


THE METEOEITIG HYPOTHESIS 


PART III 


quantities of aurora-producing matter revolving round the sun 
t.Tian at other times, and whether the periodicity may be explained 
in this way. 


Tlic Aurora and the Zodiaccd lAgM. 

Since the shooting-star ignition level lies between 75 and 50 
miles in height, and auroras have been seen at heights of over 100 
miles, it seems probable that the matter which reaches the earth 
from space is in the main of three degrees of fineness, and gives 
evidences of its existence at three different heights. The finest 
furnishes mtiteri als for auroral displays at heights reaching to 130 
miles,^ the mean fineness ignites at a height of 75 miles, and gives 
rise to the appearance of falling stars, till a height of 50 miles is 
reached, when it is all consumed; the coarsest of all at times 
reaches the surface itself as meteoritic irons or stones. 

An additional argument in favour of the meteoritic theory of the 
aurora is furnished by other phenomena, which sometimes accom- 
pany it. 

During the great aurom of January 1831 (PoggendorfiE’s Amakn 
of that year) a bright yellow streak was seen to rise with common 
cloud velocity, forming an arch from west to east, becoming in- 
visible in tho west by the time it had reached the east. During . 
the same aurora Professor Bischoff, in Bui^boohl, saw a moving 
doud, as bright as the Milky Way, pass from east to west in five 
minutes. 

During another aurora, December 1870, Professor Eudberg, of 
Upsala, saw a very bright patch, of double the dimensions of the 
moon's disk, moving with great velocity behind the auroral beams. 

On 2d November 1871 Dr. Groneman saw a strange, feather- 
like, brilliant arch, striped parallel to its weE-defined sides, and 

> Capron and Ilorsidiol, “On tho Aurorol Coain of NoTombor 17, 1882” {JW. 
Man,, May 1888), ProfoMor Howchel, from measurements made 1868-1887, deter- 
minnrf the height of long white stotiouary aurond arches to be close upon 100 miles. 

Herr Sophas Trimholt {.mure, vol. xxvii p. 290) gives 90 miles, end Bam 
Nordonskjbld {SeienUfte Wm-k of the “ Vega" Expedition, Part I. pp, 401-460) gives 
116 miles. Professor Herschol has also referred me to measurements of auroral 
arches by Dr. Dalton {Phil Trans., 1828, p. 291), who found 100 miles. 
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olianging its curve during its visibility of two hours’ duration. 
Dr. Yogel determined the auroral character of its spectrum. 

On I7th May 1876 Mr. Lefroy (Freemantle, Western Australia) 
describes a similar feather-like appearance, which he considered to 
be converging streams of infinitely minute particles of matter 
passing through space at a distance from the earth less than that 
of the moon, at which the earth’s aerial envelope may still have a 
densiiy sufScient, by its resistance, to give to cosmic dust passing 
through it with planetary velocity that slight illumination which it 
possesses.^ 

On 17th November 1882, however, was seen the most remark- 
able display of this nature in the middle of an intense aurora then 
visible. Again the appearance was feather-lik^ again &e spectra 
were auroral, but the strange object moved across the sky, at 
a height of 133 miles, as determined by Gapron and Herschel, 
and with a planetary velocity of between 10 and 15 milas a 
second ! 

Dr. Groneman did not hesitate at the time to look upon it as a 
mass of meteoritic dust traversing the higher reaches of our air, 
and regarded it as a strong confirmation of the view which he 
had resuscitated,^ — a conclusion in which I concur. 

The above results also strengthen the view that the aurora is very 
aimilar in some respects to the zodiacal light. Such a nmmAnfa’nw ig 
indicated by the fact that when we have the greatest number of 
auroras, in spring and autumn, the zodiacal light is also best visible. 
The spectroscopic observations of Ingstrbm and Eespighi show that 
the spectrum of the zodiacal light consists of the characteristic line of 
the aurora and a short continuous spectrum, and they thus furnish 
further evidence of the connection suggested. The observations of 
Wright and others, showing that the spectrum is continuous, axe 
not at variance vnth AngstrSm’s observation, for we should expect 
the spectrum to be somewhat variable. It is probable that the 
observations shovring nothing but continuous spectrum were made 
when the temperature was only sufiBicient to render the TnAfMin»it.T<. 
particles red-hot That the zodiacal light does consist of par- 

‘ Nature, vol xiL p. 880. * lUO, vol. xxvii. p, S96. • 
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tides, or at all events of partides capable of reflecting light, is 
shown by the polariscope. 

No one has ever gone so far as to suggest that the zodiacal 
light is an atmospheric phenomenon, and yet the principal liue in 
its spectrum is generally accepted as being identical with that in 
the spectrum of the aurora. We have, therefore, an 
reason, if one be required, for discarding any atmospheric origin 
which has been suggested for the auroral spectrum 



CHAPTEE X 


TSACES 07 METEOSinC DUST m THE DEEP OCEANS 

We have now complete evidence of the existence of meteoritic 
dost in the atmosphere, first, from the known number of meteorites 
which enter the atmosphere, and secondly, from the spectroscopic 
observations of aurorm This dust will finally reach the earth’s 
surface, and it is exceedingly interesting to trace its subsequent 
history as far as possible. 

It is universally recognised that the atmosphere holds in suspen- 
sion an immense number of very minute particles of oiganic and 
inorganic origin. These latter must be either dust taken up by 
aerial currents from the ground, or the result of volcanic action, or 
extra-terrestrial bodies. Many scientific m^ among whom we may 
mention Ehrenberg, Daubrde, Eeichenbach, Nordenskjbld, Tissan- 
dier, Murray, and Eduard, have studied this problem. Dust 
collected in various places at different times has been examined 
with a view of determining whether its origin were meteoritic. In 
many cases, in which chiefly definite iron chondroi have been 
observed, the evidence has seemed very strong in favour of the 
view. The detection of such dust, which falls on the general surfece 
of the earth, is almost hopeless, and that which is collected on 
snow in inhabited countries containing foundries and the like is 
||oubtfnl, but that which flills on the sea will have a chance of 
^cumulating where the water is quietest. The researches of 
Kdssis. Murray and Ednard during the Challenger Expedition seem 
^indicate that such an accumulation really takes place These 
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investigators/ in giving the results of their researches, point out 
that at the greatest depths of the ocean farthest from land the sea 
bottom IS very different from that nearer the coastlines. 

Under these necessary conditions of exceedingly slow deposition 
and absence of ordinary sources of contamination, it is clear that 
the problem can be attacked under the best conditions. 

We read — 

The considerable diatunce from land at which we find cosmic particles 
ill greatcht abundance m doep-soa de]»0Mt'=5, eliminates at once objections 
which might be raised with respect to metallic particles found in the neigh- 
bourhood of inhabited countries. On the other hand, the form and character 
of the spherules of extra-teiTcstrial origin are essentially different from those 
collected neoi* manufaetuniig centres. Tliesc magnetic spherules have never 
(ilongated necks or a cracked surface, like those derived from furnaces, with 



which we have cartdully compared tlauii. Neither are the magnetic spherules 
with a metallic centre comimrulde eithei* in their form or structure to those 
particles of native iron which have been described in the eruptive rocks, 
eflpecittlly in the husallic rocks of the north of Ireland, of Iceland, etc. 

Messrs, Murray and llonard then state on what they rely in 
support of their \dew tliat many of the particles thus obtained from 
great depths are of cosmic origin — 

If we plunge a magnet into an oceanic deposit, especially a red clay 
from the central jiarts of the Pacific, m'c extract particles, some of which are 
magnetite from volcanic rocks, ami to which vitreous matters are often 
attached 5 others again niv, quite isolated, and differ in most of their properties 
from the former. The latter arc generally round, measuring hardly 0*2 mm. ; 
generally they are smaller, their surface is quite covered with a brilliant 
black coating, having all the properties of magnetic oxide of iron ; often 

* ** On the Microscopic Characters of Volcanic Ashes and Cosmic Dust, and their 

Distribution in Dcpp-sca Deposits,” Proe, if, S, and Hatwe, vol, xxix. p. 586 , 
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there may be noticed upon them cap-like depressions clearly marked. If we 
break down these spherules in an agate mortar, the brilliant black coating 
easily falls away, and reveals white or gray metfdlic malleable nuclei, which 
may be beaten out by the pestle into thin lamelhe. This metallic centre, 
when treated with an acidulated solution of sulphate of copper, immediately 
assumes a coppery coat, thus diowing that it consists of native iron. But 
there are some malleable metallic nuclei extracted from the spherules which 
do not give this reaction — they do not take the copper coating. Chemical 
reaction shows that they contain cobalt and nickel ; very probably they 
constitute an alloy of iron and Ihese two metals, such as is often found in 
meteorites, and whose presence in lai^e quantities hinders the production of 
the coppery coating on the iron. G. Bose has shown that this coating of 
black oxide of iron is found on the periphery of meteorites of native irom 


Pia. 19. Fig. 20. 

Fig. 19.— Black SpHBBinuB with Hstallio Nuclbcb (60 : IX This sphemle, oovend with a coating 
of black dilnlng magnetite, xepresents the most frequent sluqpe. The depiesslon here ^own 
is often Ibnnd at the snifrme of these sphemles. From 2S76 &thoxns, Bonth Fkciflc. 

Fia so,— Blaoe Bpekboub with Hetaluo Kuolettb (60 : 1) The black external of mag- 

netic oxide has been broken awa^ to show the metallic centre, lepiesented by tiie clear part 
at the centre. From 81S0 fiithoms, Atlantic. 

and its presence is readily understood when we admit their cosmic origin. 
Indeed these meteoric particles of native iron, in their transit through the 
air, must undergo combustion, and, like small portions of iron from a smith’s 
anvil, be transformed either entirely or at the surface only into magnetic 
oxide, and in this latter case the nudeus is protected from further oxidation 
by the coating which thus covers it. 

We are next shown that these metallic chondroi occur with stony 
chondxoi, so that if the interpretation of a cosmic origin for the 
magnetic spherules with a metallic centre be not considered estab- 
lished in a maimer absolutely beyond question, it almost becomes 
so when we take into account their association with the silicate 
spherules, never found in rocks of a terrestrial origin. These are 
thus described — 
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Among the fragments attracted by the magnet in deep-sea deposits, we 
distinguish granules slightly larger than the spherules with the shining black 
coating above described. These are yellowish -brown, with a bronze-like 
lustre, and under the microscope it is noticed that the surface, instead of 
being quite smooth, is grooved by thin lamellae. In size they never exceed 
a millimetre — generally they are about 0*5 millimetre in diameter ; they are 
never perfect spheres, as in the case of the black spherules with a metallic 
centre ; and sometimes a depression more or less marked is to be observed in 
the periphery. When examined by the microscope, we observe that the 
lamellae which compose them are applied the one against the other, and have 
a indial eccentric disposition. It is the leafy radial structure (radialhlattrig), 
like that of the chondres of bronzite, which predominates in our preparations. 
We have observed much less rartily the serial structure of the clmidres with 
< divine, and indeed there is some doubt about the indications of this last 
type of structure. Fig. 21 shows the character and texture of one of these 
spherules magnified twenty-five diametem 


Jt is woriliy of remark that, associated with these chondroi in 
the red muds at the greatest depths in the ocean, are found man- 
ganese nodules in enormous num- 
bers. If a section be made of one 
of these, a number of concentric 
layers will be observed arranged 
around a central nucleus — ^the same 
as in a urinary calculus. When 
the peroxide of manganese is re- 
moved by strong hydrochloric acid, 
tliere remains a clayey skeleton 
which still more strongly resembles 

Ftfi. tu.-* Hr^lKUl^l.l^ol'l*MoN/ITK(L^*l^ • 1) UTinary calculus, according to 

8500 ftithoiiw lu ttie CViitral South I’HcUic, « Mlirrav 

rtiuwiMK uwny of the iM'long • 

ing to tskirtuifoi of hnninite or eiintiit ite. 'I’jijg skclcton contaius crystals 



of olivilie, quartz, augite, lungiiotite, or aiiy other materials which 
were contained in the clay from which the nodule was taien. 
In the process of its deposition around a nucleus, the per- 
oxide of manganese has enclosed and incorporated in tjio nodule 
the clay and crystals and other materials in which the nucleus 
was embedded. The clayey skeletons thus vary with the clay or 
ooze in which they were formed Those from a fine clay usually 


it 

CHAP. X TRACES OF METEORITIG DUST IN DEEP OOEANS 106 

\ ^ 

\ 

adhere well together; those from a globigerina ooze harfSf aa 
areolar appearance ; while those from a clay with many "fine 
sandy particles usually fall to pieces. Mr. Murray attributes 
the origin of these nodules entirely to the decomposition of 
volcanic rocks — 

Wherever we have pumice contaming much magnetite, olivine, augite, 
or hornblende, and these apparently undergoing decomposition and alteration, 
or where we have evidence of great showers of volcanic ash, there we find 
the manganese in greatest abundance. This correspondence between the 
distribution of the manganese and volcanic debris appears to me very signifi- 
cant of the^ origin of the former. I regard the manganese, as we find it, as 
one of the secondary products arising from the decomposition of volcanic 
minerals. 

Manganese is as frequent as iron in lavas^ being uEually associated with 
it^ though in very much smaller amount. In magnetite and in some varieties 
of augite and hornblende the protoxide of iron is at times partially replaced 
by that of manganese. 

In the, manganese of these minerals and in the carbonic add and 
oxygen of ocean waters we have the requisite conditions for the decomposition 
of the minerals, the solution of the manganese, and its subsequent deposition 
as a peroxide. 

An analysis of one of these nodules by Professor E6nard {Chal- 
lenger Beportj Narrative, vol, L, Part II., p. 1048) gives the fol- 
lowing : — 


Water (BLjO) .... 9*61 

Silica (SiOg) , . . .19*34 

Lime (CaO) .... 3*19 

Alumina (ALgOg) . . . .6*36 

Ferric oxide (FegOg) . . - 26*70 

Magnesia (M^) * . . . 1*79 

Oxide of manganese (MnO) . . . 26*46 

„ nickel (NiO) . , . 1*82 

Oxygen ..... 6*31 


101*48 

The specunen examined was from Station 276, 2350 fathoms. 
South Pacific. 

I have observed the spectra of some of the nodules, which were 
kindly placed at my disposal by Mr. Murray. 
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In the oxy-coal-gas flame, lines of sodium, thallium, lithium, 
potassium, manganese, and iron are seem The brightness and 
persistence of the thallium line at 535 is very remarkable, and is 
especially intei'esting, since the line has been recorded in the 
spectrum of the aurora and of some meteorites. The red line of 
lithium, which is seen in the spectra of many meteorites, is also 
Inight in the spectrum of the nodules. The manganese fluting at 
658, the one coincident with tlie chief line of the aurora, is also 
seen in the spectrum of the nodules, but it is not nearly so bright 
as the thallium line. The iron lines are very faint. As might be 
expected, from the association with sea-water, the lines of sodium 
and potassium are very bright. A photograph of the flame spectrum 
shows lines of manganese, and some of the strongest violet lines 
of ii-on. 

When some fnigmcuts of the nodules are placed along an end- 
on vacuum-tube and the spark passed, flutiugs of carbon and lines 
of liydmgen apjtear, almost exactly as they do when meteorites are 
subjected to the same truatmeiit. When the tube is made red-hot, 
the thallium line hecomeH very bright, and also the yellow and 
gre<‘n lines of sodium. 

It will be .seen that tlui spectra of the nodules are somewhat 
different from those of inc'tcorites, chiefly in the relative intensities 
of the linos, hut the difference can proliably bo explained by con- 
sidering the effect of sea-water. 1 have tlie authority of my friend 
Professor Thorpe for stating that thallium and manganese would 
be the most likely of the meteoritic constituents to form insoluble 
compounds, and hence those are what we should expect to find iu 
deep-sea aooumulations of meteoritic dust. The spectroscopic obser- 
vations therefore seem to show that it is not improbable that the 
manganese noihiles owe their origin, in some part at least, to 
such dust. 

The question arises, therefore, whether the origin of these deep- 
sea concretionary de]Josits of iron and manganese, which are unre- 
presented in any deop-sea geological deposit, may not be in part, 
even if in small part, meteoritic, and represent, like the ohondxoi, 
another fomi of fallen dust. 
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At the su^estion of Professor P^nard I separated some of the 
iron spherules firom the nodules by dissolving in dilute hydrochloric 
acid, and passing a magnet through the insoluble residue. In the 
oxy-coal-gas flame, the spectrum of the spherules consisted of lines 
of iron, sodium, and potassium, and the flutings of manganese, but 
there was absolutely no trace of thallium. An examination of the 
residue after the separation of the iron particles, however, gave 
indications of thallium as strongly as the nodules themselves. On 
evaporating the solution to dryness and observing the spectrum, no 
thallium was visible. 

If we are justifled in r^arding the partly meteoritic origin of 
the nodules as established, the excess of thallium shows that each 
nodule represents a very considerable quantity of meteoritic dust, 
since there is only a comparatively small proportion of thallium in 
meteorites. This further suggests that an enormous quantity of 
dust passes through our atmosphere, especially as that which falls 
on the sea only represents a portion of the total amount. 
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METEORITES IN THE SOLAR SYSTEM 



SECTION I— METEOE SWAEMS GIVE EISE TO THE 
APPEAEANCES WE CALL COMETS 


CHAPTEE XI ■ 

METEOBITES ASE BODIES WHICH, lilEE THE EABTH, TEAyEL 
ROUND THE SUN 

We have seen that the phenomena which accompany Tnetenrites 
entering our air, whether they are soon burnt up and give rise only 
to the appearance of a shooting or falling star, or whether they are 
btilky enough to withstand the melting process till they reach the 
earth’s sur&ce, are similar. We are now in a position to discuss all 
these phenomena on the assumption that they have a fiCTniYinn origiit. 

It is not so many years ago since planetary space was 
supposed to he untenanted by anything more tangible than that 
mysterious fluid called ether. This notion is exactly represented 
by the French equivalent for that space, U vide flmMavn. 
Hence, not to mention imagined supernatural causes— such as that, 
for instance, embodied in the tradition that Saint Lawrence, on the 

anniversary of his martyrdom (10th August), shed burning 

the cause of the phenomenon was ascribed to atmospheric perturba- 
tions, exhalations of sulphur, igneafabui, and so forth. An account 
of the August shower of 1867, even, published in the BvtUOin de 
' VAeaddnm Boyale de Bdgiqm, is aocompanied by a minute record 
of rain, temperature, atmospheric electricity, etc. 

Leaving out of consideration the opinions of the ancients, 
‘ among whom Anaxagoras and Seneca may be especially mentioned. 
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as being in favour of a cosmical origin, it may be pointed out that 
Kepler ^ regarded meteorites and shooting-stars as akin, and derived 
both from tlie ethereal regions 

Halley ® was the next to express an opinion that shooting-stars 
were of cosmical origin, but to Chladni belongs the credit of having 
broached the theory which modem observations have so abundantly 
justified. This theory was that space was full of the matter which 
attracted by the earth, entered its atmosphere, accompanied by 
luminous effects only, in some cases, and by actual falls of the 
matter, in others.-'* The general acceptance of this view was retarded 
by Laplace and others, who saw a more probable origin for the 
phenomena by suppo.sing meteorites to be masses shot out of lunai 
volcanoes. The lii-st step in the demonstration of the former theory, 
which is now universally accepted, was made when Chladni, in 
1724 , showed that no known terrestrial agency was capable oi 
producing masses like the meteorites which had been seen to fall 
At his and Lichtunbergh’s suggestion, Brandos and Benzenbeig* in 
1798 proved thiit, whatever they appear to do, shooting-stars never 
shoot upwiud.s, but alwuy.s downwards towai-ds the earth. At the 
same time lie showed the similarity of phenomena presented by 
ih-e-balls, shooting-stai-s, and the fall of meteorites. He sub- 
sequently nttnrncd to and strengthened this view.** 

Slwmlil it. 1»* asked how such mtwwtis originated, or by what means tliey 
were hrought into sticli an insulatwl iKwition, this question would be the same 
us if it wow nuked how the iilnnrts originated. Whatever hypothesis we may 
form, wi* innst citlwr a.lmit that tlic planets, if we except the many revolu- 
tions which they may have imdorgone, ritber on or near their surface, have 
always iHHtu since their first formation, and ever will be, the samej or that 
Nature, acting on civated matter, ixtHsesseH the power to produce worlds and 
whole systems, to destroy them, and from their materials to form new ones. 
For the latter opinion there are, indeed, more grounds than the former, as 


> Optiw, «l. Fritseb, v«l. vi. p. IB/- 
» PMl Tran*., vol. .vxi*. p 16», 1714-ie, 

• Ueber dm. Urmwtg drr van I’allm gi^nndtJien p. 24. His paper 

the Palla* iron is abetractod in JVn?. Hag,, Tillook’s Series, vol. ii. 1798. 

« me Steriuekmppeiu A few contrary results were obtai^, but were shown 
afterwards by Bessel to be suffioimitly accounted for by errors of observation. 

» See PM. Hag.. Tillook, vol, ii, p. 228 «f "3- 
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altematioxis of destruction and creation are exliibited by all organised and 
nnoxganised 'bodies on our earth. ; whidi gives us reason to suspect that Nature, 
to which greatness and smallneas, considered in general, are merdy relative 
terms, can produce more effects of the same kind on a laiger scale. 

But many variations have been observed on distant bodies, which, in 
some measure, render the last opinion probable ; for example^ the appearing 
and totd disappearing of certain stars, when they do not depend upon 
periodical changea If we now admit that planetary bodies have started into 
existence, we cannot suppose that such an event can have otherwise taken 
place, than hy conjecturing that either particles of matter, which were before 
dispersed throughout infinite spac^ in a more soft and chaotic condition, have 
united together in large masses, by the power of attraction ; or that new 
planetary bodies have been formed from the fragments of much larger ones 
that have been broken to pieces, either perhaps by some external shock, or 
by an interxud explosion. Let whichever of these hypotheses be the truest^ 
it is not improbable, or at least contrary to xmture, if we suppose that a large 
quantity of sudi material partides, either on account of their too great 
distance or because prevented by a stronger movement in another direction, 
may not have united themsdves to the larger accumulating mass of a new 
world ; but have remained insulated, and, impdled by some diock, have con- 
tinued their course through infinite space, until they approadi so near to 
some |danet as to he within the sphere of its attraction, and then by falling 
down to occasion the phenomena before mentioned. 

It is worthy of remark that iron is the prindpal component part of all 
the masses of this kind hitherto discovered ; that it is found almost every- 
where on the surface of the earth as a component part of znany substances in 
the vegetable and animal kingdom ; and that the effbcts of magnetuon give us 
reason to condude that there is a large provision of it in the interior parts 
of the earth. We may therefore conjecture that iron in general is the prin- 
cipal matter employed in the formation of. new planetary bodies; and it is 
stiQ further probable by the drcumstanoe that it is exdusively connected 
with the magnetic power, and also, on account of their polarity, may be 
necessaiy^to &ese bodies. It is also probable, if the above theory be jusi^ 
that other substances contained in such fallen masses, such as sulphur, 
siliceous earth, manganese, etc., may be peculiar, not to our g^obe alone, but 
may beloug to the common materials employed in the formation of all 
planetary worlda 

This paper of Chladm’s, it will be seen, dates from just before 
the beginning of the present century. 

The subject was invested with a new interest in 1799, when the 
great Humboldt, who was then travelling in South America, saw an 
enormous number of shooting-stars covertag the sky. In his long 

I 
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account of the shower in his Personal Narrative he states that, 
from the beginning of the phenomenon, there was not a space in 
the firmament equal in extent to three diameters of the moon that 
was not filled at every instant with bolides and falling stars ; while 
he was locally informed that during a previous display in 1766 the 
inhabitants of Cumana had beheld the neighbouring volcano, 
Oayamba, veiled for an hour by a similar exhibition. 

In the next display, observed in the year 1833, 240,000 meteors 
were computed by Arago to have been visible above the horizon of 
Boston on the morning of 13th November ; while Mr. Baxendell, 
who observed the shower from the west coast of Mexico, states that 
“ the number of meteors seen at once often equalled the apparent 
number of the fixed stars seen at a glance.” 

Olmsted, when he had witnessed the shower of 1833 (a shower 
heralded and followed by less brilliant displays in 1831-1832 and 
1834-1836), and when, moreover, he had compared the pheno- 
mena with those recorded by Humboldt and Bonpland in 1799, 
announced the view wliich has since been so brilliantly confirmed, 
that the appearances are due to the passage of the earth through 
a storm, so to speak, of planetary bodies. 

This was the first blow given to le vide ^planMaire. Space, 
instead of being empty, was full of bodies, some of them being 
congregated into rings, each body composing the ring revolving like 
a planet round the sun. In fact, these rings may be compared to 
tangible orUts ; indeed, they almost realise the schoolboy’s idea of 
an orbit, as a considerable part of the path is occupied by a string 
of little planets, while in the case of our earth’s orbit, for instance, 
each point of the path is occupied in succession only. 

Still Olmsted did not accept the view that the falling stars 
were of the same nature as meteorites. His penetration, however, 
enabled him to note the fact that — ^however numerous the falling 
stars might he ; in whatever direction they appeared; or whatever 
the apparent lengths of their paths ; — the lines of direction of these 
paths, retraced along the sky, nearly all found a common focus of 
emanation or visual centre of projection among the fixed stars. 
This has since been called the radiant point. 
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The most salient fact, noticed duxing the subsequent display in 
1866, even by those who did not recognise its significance, was that 
all the meteors seemed to come from the same region of the sky. 
Among all those seen by myself from 11 p.m. on Tuesday, 13th 
November, till 2 A.ii. on Wednesday, 14th November, i/m ordy were 
exceptions to the general direction. In fact, there was a region in 
which, the meteors appeared trainless, and shone out for a moment 
like so many stars, because they were directly approaching us. Near 



Fzo. S2 *<— Thi Rastamt Foimt or thz NavmcBjat Vvnoiu. 


this spot th^ were so numerous, and all so foreshortened, and for the 
most part faint, that the sky at times put on almost a phosphorescent 
appearance. As the eye travelled fi»>m this region the fiights became 
longer, those, as a rule, being longest which first made their appear- 
ance overhead, or which trended westward. Now, if the paths of 
aU had been projected backwards, they would have intersected 
in one region, and that region the one in which the most fore- 
shortened ones were seen. So decidedly did this fact come out 
that there were moments in which the meteors belted the sl^ like 
the meridians on a terrestrial globe, the pole of the gbbe being 
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represented by a point in the constellation Leo. In fact, they all 
seemed to radiate from that point, and radiant point, as we have 
seen, is precisely the name given to it by astronomers. Vanishing 
point, if the bull were permissible, is a term which would represent 
the fact rather than the appearance, which is an effect of perspective; 



and hence we gather that the paths of the meteors are parallel, or 
nearly so, and that they diverge therefore from a definite place in 
the sky. The point from which they proceed in the case of the 
swarm we are now considering lies in the sickle of Leo, situated in 
longitude 142'' and latitude 8® 30' K, according to Professor 
Newton, These meteors are called Leonids. 
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Meteor showers are generally of short duration, but Mr. Denning 
has shown that there are cases in which falling stars emanate from 
the same part of the sky for long periods of time. 

He finds that during several months certain apparent radiant 
points maintain a stationary position amongst the stars. From 
July to September there appears to be a continuous display from 
the point in RA. 6®, Deo. + 11®, and, during the last six months 
of the year, shooting- stars almost incessantly fall from centres 
at 47® + 44®, 73® + 41®, 77® + 33®, etc. Throughout the autumn 
and winter months there occurs an intermittent display from 
154 ® + 410 . xheae are merely instanced as examples of a numerous 
class. The agreement in the positions of the several showers, as 
determined at different periods, is so close that it is extremely 
difficult to believe they can result simply from the accidental 
grouping together of distinct meteor systems. On the other hand, 
it seems impossible to explain satisfactorily these durable radiant 
points, and it is evident that this special part of the subject 
requires further close investigation. 

One of these long-duration radiants between Auriga and Taurus 
is shown in the accompanying illustration (Tig, 24). 

The August meteors (Perseids) also show a long duration, the 
entire interval over which the display is spread being from 8th 
July to 22d August. But the radiant is not stationary;^ it be- 
comes displaced from night to night, and its apparent motion is to 
the east. This feature is a well attested fact of observation. The 
positions of the radiant on different nights are as follow — 


July 3 
„ 19 
„ 30 


E.A. Dec. 
3* + 49'* 
19" + 5r 
31 ® + 66 '* 


August 10 . 
» 22 . 


E.A. Dec. 
46® + 67® 
77® + 66J® 


The April meteors (Lyrids) give similar indications that their 
radiant point is in rapid motion eastward amongst the stars.* 

The next point, first brought to light by Olmsted, was that 
during a display the radiant point moves diumally with the stars 

^ Denning first announced this fact in Nature, voL xvi. p* 862. 

® Nature, vol. acxxii. p. 6, 
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across the heavens. This is another strong argument in favour of 
the cosmical theory. 

Meteors which appear singly and occasionally are called sporadic 
meteors, hut in addition to these, which we may reckon to see every 
night, there are at certain times of the year very well-known and 
rich falls ; so well known that we can say at once that on the 28th 
of July, 10th of August, and 10th of December more falling-stars 
will be seen than are ordinarily visible. These are termed system- 
atic or periodic meteors, and those to which we have just referred 
as appearing in November are of this class. 

From 1833-1863 evidence was rapidly accumulated indicat- 
ing that a very large proportion of the shooting-stars observed were 

not sporadic, but really sys- 
tematic — that is to say, that 
at certain periods of the 
year meteors might be ex- 
pected to diverge from 
radiant points in those 
particular parts of the sky, 
and in greater numbers 
from those parts than from 
elsewhere. 

During these years a 
considerable number of 
radiant points had been 
made out, and therefore 
the existence of a consider- 
able number of streams or 'swarms had been suggested if not 
established. In 1863 Professor H. A. Newton used these facts to 
strengthen the cosmical hypothesis. 

The observations of Humboldt — modern observations, so to 
speak — were repeated, as we have seen, in 1833, on the same day (or 
one day later) of the same month in which Humboldt had made his 
observation in 1799, and again one day later in 1866 there was a 
recurrence of the same thing. Now these dates are separated by an 
equal interval of thirty-three years. The idea of periodicity was 
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therefore suggested both for this and other dii^Iajs, and thip 
gave rise to so great an interest in the question that an 
investigation was made whether falls had been recorded at pre- 
vious intervals of thirty-three years, or whether it was a new 
event first seen by Humboldt in 1799, or possibly by the 
Cumanese in 1766. 

Professor Newton took up the inquiry, and was soon able to 
show that the various chronicles of star-showers from the very 
earliest times, when properly discussed, indicated that the principal 
' streams suggested by the observations since 1833 had really, at 
variously recurrent intervals since the b^inning of astronomical 
observation, given indications of their existence.^ He especially 
indicated such cases of constant recurrences of showers in April, 
August, November, and December. 

The discussion of the dates of these showers in the early 
records showed a constant slow change of date in one direction or the 
other. This obviously demonstrated that the showers were inde- 
pendent of the tropical year — ^that is to say, of the earth’s motion 
round the sun ; and it is difficult to understand how a more definite 
proof of their cosmical origin could be afforded. 

We may conveniently confine our remarks on this point to the 
inquiries relating to the “Leonid” swarm of meteorites which gives 
rise to the November display. 

Newton and others found that we possess records, dating from 
902 A.D., proving that about every thirty-three years since that 
time the heavens have been hung with gold. The Arab historian, 
Abu-rAbbas ad-Dimashki, chronicled the star-shower of 19th 
October in the year 1202 of our era in the following words, the 
while Chinese astronomers carefully watched the constdlations in 
which the meteors appeared and vanished from the sight : — 

In the year 699, on the laBt day of Muhaiiam, etais shot hither and 
thither, and flew one against another like a swarm of locusts ; this phenomenon 
lasted until daybreak ; people were thrown into consternation, and made 
importunate aupplioationa to Qod the most High ; there was never the like 


^ SUUmm’t Journal, toI. xxxvi. p. IM, 1868 , 
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seea except on the coming out of the messenger of God — on whom he bene- 
diction and peace. 

This table for the JSTovember display, from Professor Newton, 
shows what the result of searching the old records was — 


Epochs op November Star-Showers. 


Year. 

Day on which the star- 
shower was seen 

X aris uatei 
and hours, 
d. li. 

902 

October 13 

12 17 

931 

16 

14 10 

934 

14 

13 17 

1002 

15 

14 10 

1101 

17 

16 17 

1202 

19 

18 14 

1366 

23 

22 17 

1533 

25 

24 14 

1602 

28)2 

27 10 

1698 

November 9 i 

8 17 

1799 

12 

11 21 

1832 

13 

12 16 

1833 

13 

12 22 

1863-1868 

14 

13 14 


These ancient records enabled Professor Newton to place the 
planetary nature of the November ring beyond all doubt. 

It is evident that if this ring crosses our orbit in a certain 
definite point in space, the earth will always traverse it when 
occupying the same definite point of its orbit with regard to the 
stars, provided the ring does not change its place. But our 
ordinary year, called the tropical year, is affected by the precession 
of the equinoxes, as it is measured from equinox to equinox, so 
that we do not measure it by the stars, but by an ‘empirical point 
called the first point of the sign Aries, which is actually at the 
present moment in the constellation Pisces. If we refer the 
recorded star-showers to the sidereal year, or a fixed equinox, we 
should find an almost absolute identity in the dates of their 

^ H, A. Newton, Bui, Ac, M, Befg,^ xvix. No* 6. 

“ In many countries the change from old to new style was made in this interval, 
commencing from 1582 in Spain, Portugal, and Italy. 
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appearance if there were no perturhation, but we shall see subse- 
quently that there is perturbation, and this is a final demonstration 
of cosmical origin. 

If there is a swarm of meteorites falling in any particular direc- 
tion towards the plane of the ecliptic, these meteorites will take 
little account of the precession of the equinoxes or the tropical 
year ; the earth must take the meteorites as she finds them. The 
one great leap in the table was due to the alteration of the 
calendar, as there was a difference of twelve days between the old 
and new reckoning. Professor Newton, Professor Adams, and 
others have given a complete demonstration that from the year 902 
a swarm of meteorites has been encountered by the earth every 
thirty-three years or thereabouts, and nearly in the same part of 
her orbit round the sum 

By a study of the position and lie of the earth in her orbit we 
can see from what part of space these meteors, these more numerous 
swarms, come. Suppose, for instance, that at one part of the 
earth’s orbit there is a stream of meteorites plunging down nearly 
vertically towards the ecliptic ; the earth in passing through them 
would receive the greatest number of blows on its exterior atmos- 
phere on the hemisphere above the plane of the ecliptic at the time, 
while the other hemisphere would be entirely sheltered, so that the 
direction of the fall would be capable of demonstration by a con- 
sideration of the earth’s direction and the relation of its surface to 
the plane of the ecliptic at the time. 

The observations indicate that these bodies are moving towards 
the plane of the ecliptic, from its northern side, into that part of it 
through which the earth passes in her annual journey in November ; 
they are, in fact, moving round the sun in an orbit inclined at a 
not very large angle (17®) to the plane of the earth’s orbit. 

Similarly, we might observe the August ring rising from one 
of its nodes, situated in the point of the earth’s orbit occupied by 
our planet on 10th August, not at a slight angle like the November 
ring, but at an angle of 79° or 80°. 

It is important to make this point quite dear. 

Let us conceive the sun and earth to be half immersed in an 
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infinite ocean which will represent to us the plane of the ecliptic, 
and let ns farther for greater simplicity assume that the earth’s 
motion round the sun (in a direction contrary to the hands of a 
watch) is performed in a circular path with the sun at the centre ; 
let us, moreover, suppose the earth’s path, or orbit, to be marked 
by buoys, remembering that astronomers define the position of a 
heavenly body in the plane by stating its longitude — ^that is, its 
angular distance, reckoning from right to left, from a particular 
startpoint, as seen from the sun; and its latitude — that is, its 
angular height above the plane as seen from the same body. 

ISTow, if it were possible to buoy various points of the earth’s 
orbit in the plane of the ecliptic in the convenient manner before 
suggested, we should see the meteor-ring of “ Leonids ” meeting the 
waves of our hypothetical ocean, at a slight angle (17°), at the 
point of the earth’s orbit occupied by our planet on 14th November, 
the point where they pierce them being called the node. Where 
the other node lies, where the meteorites cross the plane again, we 
do not exactly know ; we only know that they do not cross our 
orbit ; if they did, another star-shower would occur in May. 

Let us inquire into this point a little more closely. Let us, in 
imagination, connect the earth and sun by a straight line ; at 
any moment the direction of the earth’s motion will be at right 
angles to that line (or a tangent to its orbit) ; therefore, as longi- 
tudes are reckoned, as we have seen, from right to left, the motion 
will be directed to a point 90° of longitude behind the sun. The 
sun’s longitude at noon on 14th November was 232°, within a few 
minutes ; 90° from this gives us 142°, which, as we have seen, is 
precisely the longitude of the radiant point. This, then, is proof 
positive enough that, in longitude at least, the meteoritic hail was 
fairly directed against, and as fairly met by, the earth. 

But it will be asked, If the radiant point is situated in latitude 
8° 30', how comes it that the inclination of the ring is stated to be 
17° ? should it not rather be 8° 30' ? To this question we may 
reply by another: How comes it that, when we are hurrying 
through a shower, we always incline an umbrella at a less angle 
with the ground than that formed by the falling rain ? The answer 
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is the same in both cases. In the case of the meteorites, if our 
motion in one direction differs little from theirs, they appear to ns 
to fall at an angle which is also almost precisely half of their 
real one. 

Similar ancient records relating to staivshowers seen in March 
and April, and July and Angnst, showed that the earth’s longitade 
was always the same when they were ohserred, if it was referred 
to a fieed eqmnoas. The constant longitade for the star-diowers 
anciently recorded to have tahen place in March-AprU corre- 
sponds to April 20’ld., 1850, and for a like nnmber seen in Jnly- 
Angost, August 9*0d., 1860. The longitude for the showers re- 
corded in October-lTovember advances along the ecliptic ffom a 
fixed equinox with a uniform motion of 62' per annum. Such a 
motion as this must be due to planetary perturbation, and hence 
we are in presence of cosmioal phenomena. 

The form and dimensions of the orbit of the August meteors, 
which is very steeply inclined to the ecliptic, were calculated by 
the Qerman astronomer, Erman, from the many combined observa- 
tions and determinations of heights of those meteors made at 
German Observatories in the years following the great November 
showers of 1882-1833. But cm exouA nmJm cffhekr vdoeity waa 
wcm^img; and from an approximate measure of the vd.odly of the 
"PerseidB,’’ obtained from observations of a fine meteor of the 
shower in America on 10th August 1861, Professor H. A. 
Newton found elements of the ring, concluding it to be not far 
firom circular in form, and nearly perpendicular in its plane to 
the ecUptic. 

It is to the American astronomer, Professor Newton, that we 
owe the earliest investigation into the constitution of the November 
ring. He first considered the question whether the ring is of 
uniform density, and whether it lies merdy near our orbit ; the 
variation in the brilliancy of the showers being caused by the action 
of the planets and moon on the earth and ring — ^the greatest per- 
turbation of the earth being 9000 miles each way — sometimes 
throwing us into the ring, sometimes causing us to pass it without 
encountering it. He has shown, however, that the ring cannot be of 
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uniform density throughout, but that, on the other hand, in one 
part of it there is a clustering together of the little bodies of which 
it is composed — a few stragglers being scattered along the rest of 
its circuit. 

From other considerations he showed that the meteors revolve 
round the sun in a direction opposed to the earWs motion, the 
most probable time of revolution being, according to his first view, 
354*621 days, our own being accomplished in 365*256 days. This 
is the same as saying that the annual motion of the group is 
1 + g revolutions. Consequently, the centre of the group 
is brought, on this view, into contact with the earth once in every 
133 years, but the earth passes very near the centre four times in 
this interval. 

On this view the orbit of the swarm would be nearly circular. 

With regard to the rings generally. Professor Newton made out 
in 1865 (1) that all the sporadic shooting-stars cannot belong to a 
narrow ring which has a diameter approaching in size that of the 
earth ; and (2) that a large portion of the meteorites, when they 
meet the earth, are travelling faster than it is, or else that the sporadic 
meteors form a series of radiants at some distance from the ecliptic, 
and hence come from a series of rings considerably inclined to the 
plane of the ecliptic. 

Further, he pointed out that the distribution of the orbits of 
the meteorites must be one or other of the following : — 

(1) They may form rings passing near the earth's orbit at 
many points along its circuit (sporadic meteors may be outliers of 
such a ring). 

(2) They may form a disk in the plane of the ecliptic. 

(3) They may he distributed at random like the orbits of 
comets. 
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We shall see next that another line of thought and inqniiy 'was 
reqtdied to completdy establish the oosmical hypothesis by giving 
us data as to the veloeHies of the meteorites. 

This was that the sporadic meteors — ^those whicli made theLr 
appearance by chance, so to speak — ^were always more nnmetons 
in the morning than in the evening hours, and farther, that the 
number seen in the northern hemisphere in one half year was 
greater than that seen in the other. These facts, although at first 
they seemed to connect these phenomena -with our terrestrial hours, 
and 'therefore were at first considered to militate against the cos- 
mical hypothesis, were subsequently shown, by Bompas, A S. Her- 
schd, H. A Hewton, and Schiapardli, to be a distinct proof that 
the bodies were moving in space with a velocily not incomparable 
'with, but at the same time somewhat greater than, that of the 
earth itsdf; that therefore they were moving with planetary 
velocities, and therefore were truly members of the solar ^tem. 

The work of M. Ooulvier-Gravier^ was the first to indicate the 
rise and ML of the horary numbers between sunset and suiuise. 
It was the dependence of these phenomena upon certain ter- 
restrial hours which made that eminent observer decline to 
consider their origin as in any -way cosmical. 

Mr. Bompas,* commenting on the numbers oliftained by 
.Ooulvier-Gravier, wrote — 

^ BnAuAa mr Xt» MiUoret, p. 219 CParis, 1869). 

* MtmMy JMieet, 'roL xviL p. 1A8. 
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The part of the heavens towards which the earth is moving at any time 
is always six hours from the sun. At 6 a.m. the observer’s meridian is in 
the direction of the earth’s motion; and at 6 pm. in the opposite. 

Thus the greatest number of meteors are encountered when the observer’s 
meridian is in the direction of the earth’s motion, and the number diminishes 
from thence to 6 p.m., when he looks the opposite way. 

M. Coulvier-Gravier’s numbers were as follows — 


Time of 

Kumber seen 

Time of 

IvTumber seen 

Observation. 

per hour. 

Observation. 

per hour. 

5 p.m.- 6 p.m. 

7*2 

12 p.m.-l a.m. 

10*7 

6 p.m- 7 i).m. 

6-5 

1 a.m.-2 a.m. 

13T 

*7 p.m- 8 p.m. 

7*0 

2 a.m-3 a.m. 

16-8 

8 p.m.- 9 p.m 

6*3 

3 a.m.-4 a.m. 

15*6 

9 p.m.-lO p.m. 

7*9 

4 a.m.~5 a.m. 

13*8 

10 p.m.-ll p.m. 

8-0 

6 a.m.-6 a-ni. 

13*7 

11 p.m.- 12 p.m. 

9-5 

6 a.m.-7 a.ni. 

13*0 


Kg, 25 will make Mr. Bompas’s idea clear. The front half 
of the earth ploughing its way through space is unshaded; an 
observer is being carried along the line of the earth’s motion at 
sunrise, the earth is behind him, so to speak, and the point towards 
which the earth is travelling lies 90“ in longitude behind the sun. 

Combining these facts, Bompas explained the results on the 
principle that if the meteors be distributed equally in space they 
would converge to the earth, if at rest, equally on all sides. But 
if the earth be in motion, and with a velocity one-half the 
average velocity of the meteors, they would converge to it more 
on the side towards which it is moving than on the other ; and in 
the proportion of nearly two-thirds of the number, would have 
an apparent motion more or less opposed to that of the earth, 
and would apparently diverge from the point towards which the 
earth is moving, with a gradual increase in number from 6 KM. to 
6 A.M. 

Before we proceed to show the bearing of this matter, a word 
must be said with regard to the actual conditions under which 
these bodies reach us from space, and how their fall upon the 
earth and their appearance in the heavens, even in the case of' 
no fall, have been investigated. 
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To approach the proof of the cosmical h 3 ^othesis afforded 
by these observations, we may begin by supposing the earth at 
rest. If the movements of the cosmical particles are in all direc- 
tions, they will fall equally on all parts of the earth, and even 
the earth’s rotoMon will make no difference. But if we assume 



Fxo. S5 «— Diaqilak bhowing v&y Moai FAUiijta Stabs abb bbbb abtbb HnnnoHT. 

the eaxth’s moTement ia its orbit to be mneh more rapid than 
the moyements of the meteorites, it is dear that its forward half 
will receive blows while the hinder half cannot. 

Suppose that all the regions of space swept through b 7 the . 
earth in its orbit round the sun were occupied here and there 
by meteorites moving like the earth in orbits round the sun, 
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and let ns assume for the moment that they are pretty nearly 
equally distributed and are moving in all directions. 

Under these circumstances the earth in movement in its orbit, 
at the rate of about 1000 miles a minute, would be sweeping 
through them all the year round, and we should get the appear- 
ance of a shooting-star or the fall of a meteorite every day in the 
year. Careful observations in climates most convenient for these 
researches, where the sky is freest from cloud and is purest, show, 
as we have seen, that there is not only no night but no hour with- 
out a falling star. We are therefore justified in considering that 
practically the part of the solar system which is swept through by 
the earth is not a vacuum, not empty space, but space occupied 
by meteorites here and there. 

If these meteoritic bodies are equally distributed and are going 
in the same direction as the earth, but moving more quickly, 
they would follow and catch the earth ; if they were travelling in 
the same direction as the earth, but more slowly, we should over- 
take them, and the two sides of the earth separated by a plane at 
right angles to the tangent to the part of the orbit along which it 
is moving at the time (see Fig. 25) would experience a different 
condition. One side would be bombarded by the greater number 
of meteorites in the former case, while in the latter the forward 
half only would be affected. The assumption, however, is that 
they are travelling in all directions; hence the numbers which 
fall on the front hemisphere compared with those that fall on the 
opposite one — in other words, the numbers seen at sunrise as 
compared with those seen at sunset — ^must depend wholly on the 
velocity of the earth as compared with the mean velocity of the 
meteorites. 

The point of space towards which the earth is travelling at 
any moment, shown in Fig. 25, has been called “the apex of 
the earth’s way ” ; the point of space it is leaving the “ anti-apex.” ^ 

The apex of the earth’s way is always 90° of longitude behind 
the sun. 

^ These terms were suggested by Professor Pritchard. In 1866 Schiaparelli 
suggested yjoirat de mire. Quito recently. Professor Newton, of Yale, has suggested 
“goal” and “ (luit” 
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Having, then, this general view of the movement of the earth 
in her orbit, we are in a position to discuss Mr. Bompas’s argu- 
ment, and we cannot do better than use the explanation given 
by Professor Pritchard to the Eoyal Astronomical Society in 1864,^ 
which really possesses an historical interest. 

Our object is to show that this hypothetical uniformity of distribution, 
combined with the direction and amount of the earth*s motion, will have a 



Fxo. 26 .— PaOFJSBBOA Fritcbasd'b Umbbblla Diapbaal 

very sensible effect on the number of meteors actually visible at a given 
place, at a given hour of the night, as explained (in a somewhat different 
way) by Mr. Bompas [and at a given season of the year, as extended by Mr. 
Her^d]. 

Por the purpose of illustration, suppose hoe (Fig. 26) to represent a 
flat umbrella, of which n o is the stick ; suppose, also, rain to fall upon it 
equally, and in all directions : then, if the umbrella be at rest, as much rain 
will fhll upon its front, looking from z, as on its back, from n. 

But now suppose the umbrella itself has a motion from o to s in a 
given time, and, for the simplicity of first conception, let o b represent also 


1 MoTiOily Noticeat 1864, vol. xxiv. p 138. 
K 
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the uniform velocity of the rain • very much more rain will now fall on the 
front of H 0 R, and much less on the hack of H o R, than before. In fact, if 
o m be taken = o e, and the angle wi o R be made = r o e, and the parallelo- 
gram w E be completed^ then a raindrop, of which m^s real path is m e 
would, by the motion of H o r, just graze along the front surface of h o r m 
the direction m R o, when it arrives at e. Moreover, all the rain which at 
the beginning of the motion was moving -within the angle m o r, which 
would have fallen on the back of H o R at rest, will now fall on the front of 
H o R, if in motion. 

The application of this hypothetic.il case to that of meteors is obvious. 
H o R now represents the horizon, z the zenith of an observer, and o e the 
direction and magnitude of the earth’s orbital motion. The earth’s diurnal 
motion of rotation is comparatively too small to be taken into account for 
our present purposes. So long, then, as o e, the direction of the earth’s 
orbital motion, is in front of the honzon of an observer, there will thereby 
occur to him an additional flow (and partial combustion) of meteors against 
the earth’s atmosphere above him ; and this increased flow will become the 
greater as the angle rob becomes greater. , If o e be below h o r, then the 
number of visible meteors will thereby be diminished. 


ITow, if we refer to ITg. 25 we shall see that the observer does 
not reach the forward part of the earth (with reference to the 
apex of the earth's way) till midnight, and that the apex rises 
gradually till it is on his meridian at sunrise. 

Here, then, is the reason why the number increases from sun- 
set to early morning, based upon the theory of their cosmical origin, 
and really explainable in no other way. 

How for the yearly conditions as revealed by observation. 

The monthly number of meteors revealed by a large mass of ob- 
servations in England and abrootl has been summarised as follows^— 


Month, 

Metcom 

catalogued. 

Per- 

centage. 

Month. 

Meteors 

catalogued. 

Per- 

centage. 

January 

2,804 

3-4 

July 

10,670 

12*1 

February 

1,826 

2-2 

August 

81,516 

38*1 

March 

1,764 

2*1 

Heptemher 

4,304 

6*1 

April 

5,585 

6*8 

October 

6,840 

8*3 

May 

2,120 

2*6 

November 

8,319 

11*3 

June 

2,303 

2*0 

December 

4,066 

4*9 

First half of year 16,402 

20*0 

Last half 

66,704 

79*8 


* Denning, Mmiihly Notims, vol, xlvii, p. 37. 
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The relatively excessive numbers in April and August are due 
in a great measure to the occurrence of the rich displays of 20th 
April (Lyrids) and 10th August (Perseids), which have induced a 
large number of observations at these special epochs. 

Professor A. Herschel was the first to point out that this yearly 
difference, as well as the daily difference in the hourly numbers, 
arrived at by Coulvier-Gravier, demonstrated the cosmical origin. 
In 1864 he wrote as follows, assuming that the meteorites 
travelled faster than the earth ^ — 

A season of frequency of aerolites, shooting-stars, and bolides must be 
expected to succeed, m all latitudes, three months later than the summer 
season of the sun; but, on the other hand, a dearth of meteors, in the 
spring, one quarter of a year later than mid-winter. In general, and in aU 
latitudes, the meteoric seasons, or seasons of meteoric frequency, must 
strictly follow the tropical seasons, and three months later in the year. Thus, 
in the earth’s northern hemisphere, the Northern Pole remains directed to 
the sun from the equinox of March until that of September, and to the 
course of meteors from the solstice of June to the solstice of December. 
The greatest frequency of the meteorites will fall about the equinox of 
autumn, in September and October. This most nearly agrees with the 
European observations. The meteoric season of Arago may, therefore, be 
drawn as a consequence from his planetary hypothesis, if it be permitted to 
change the limits which he assigns to it by a small qiiantily — ^namely, from 
the Earth’s apsides to its solstices in its orbit. 

The same fact, which appears strongly marked with regard to shooting- 
stars in the eight years’ summaiy of Dr. Schmidt^ is found repeated in a 
striking manner in the existing Northern Catalogues of Star-’Showere, Fire-halls, 
€md A’eroUths. The following references may be taken as examples : — 

Appearances. 

Star-showers from 1800 b.o. In M. 

Quetelef s catalogue {Physique dm 
Globe, 1861) 

AiSrolitic meteors, from the Christian 
era. In Mr. Greg’s catalogue 
{British Assoc. Report, 1860) 
barge and small fire-balls. In same 
catcdogue {ibid.) . 


Number— 

July to December. 

Number — 
January to June. 

1 72 

S8 

I 2ie 

186J 

1 843 

553 


^ Monthly Rotiees, ycI. xxiv. 
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It -was next pointed out, by Newton i and Schiaparelli,® that, 
provided the actual facts of the daily and yearly variation 
were sufdoiently assured, the true velocities of these bodies in 
space could not be just simply sinular to the earth’s velocity, 
nor their paths in space planetary orbits like that of the earth, 
and of about the same dimensions; but that, as their motion 
was much faster, their orbits would be variously distributed 
parabolas, and they would consequently be more akin to 
comets. 

That the movement was really much faster was argued in 
1865, from the duration of the flight of shooting-stars, by Pro- 
fessor Newton.® Wartmann’s observations of the duration of the 
flights of 368 shooting- stars at Geneva during one night by six 
observers, gave a mean of 049s. for each flight. The mean of 499 
estimates made in August and November 1864 is 0418s. The 
mean dui*ation of the 867 flights is 045s. 

Professor Newton remarks — 

A mean duration of half a i>ecund, and a mean length of path between 
39 and C5 kilometres, imidy a mean velocity between 78 and 130 kilo- 
metres per second. The Biiuillcst of these (more than 48 miles) is twice and' 
u half the velocity of the earth in its orbit about the sou. This cannot 
eonsist with the HUpposition that most of the meteoroids move in closed 
orJdts about the sun. 

Noth the briefness, however, of this assumed duration, and even 
the least limit, accordingly, of the velocity so found, were presumed 
by Professor Newton to be probably overrated. 

The final step in tins demonstration was taken by Schiapa- 
relli, but, before this, Newton had distinctly shown that most of 
the meteors visible were not single in their movements round the 
sun, but that tliey belonged to systematic streams, and that these 
streams were not rings. 

With special reference to the November ring. Professor Schiapa- 
relli* came to the conclusion that the orbit, instead of being 

* SHUmm’s Journal, vol. xxxix., 1886; Hat, Aead. Sei., vol. L; Anmimre do 
VOhmvatoiro do jBnmUen, 1886, p. 201. 

LetMimdea, vol. xiii. 

' Sittimm’t Jaumcit, vol. xxxix. p. 203. 

* SitUetino Mdoorologieo dell' Oommtorio del Oollegio Somemo, vol. v., 1866. 
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nearly circular, as Newton had at first supposed, was very don- 
gated, like those of comets ; and Professor Adams ^ demonstrated 
shortly afterwards that, among several possible periods of the 
stream which Professor Newton had already indicated, the true 
period was 33*25 years, the demonstration depending upon the 
increase of the longitude of the node by the action of the planets 
Jupiter, Saturn, and Uranus, the calculated increase amounting to 
28^, while the actual increase was 29'', and he gave the following 
elements of the orbit of the swarm : — 

Period .... 

Mean distance 
Eccentricity 
Peribriion distance 
Inclination 
Longitude of node . 

Distance of perihelion from node . 

Motion retrograde. 

Aided by considerations depending upon observations of the 
conditions under which the meteors were seen — ^firom a particular 
part of the sky ; in a particular part of the earth’s orbit ; at a par- 
ticular time ; and from a particular point of the earth’s surface, — 
we can imderstand at once that it was as practicable to deter- 
ntine the orbit of the swarm as it is to determine the orbit of a 
planet or of a comet. 

JHtMbviion of Me^orUes m tho Solar System. 

The vicUplcmitcme is now ultimately abolished, and we find the 
solar system to be a meteoriticjjZemmin which sporadic meteorites 
and swarms of greater or less density are moving in orbits more 
or less elongated round the sun. 

The demonstration that meteorites are extra-terrestrial bodies 
has been followed by researches which, as they have become more 
complete and searching, have gradually driven men of science to 
increase their estimates, till at last the nupbers acknowledged to 

V 

^ NoHceSt 7ol. xxvL p. 247, April 1867. 


33*26 years (assumed) 
10*3402 
0*9047 
0*9856 
16® 46' 

61®*28 
6 ® *61 
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exist in what was formerly supposed to be empty space have be- 
come enormous. 

Observations of sporadic falling stars have been used to de- 
termine the average number of meteorites which attempt to 
pierce the earth’s atmosphere during each twenty -four hours. 
Dr. Schmidt, of Athens, from observations made during seventeen 
years, found that the mean hourly number of luminous meteors 
visible on a clear moonless night by one observer was fourteen, 
taking the time of observation from midnight to 1 a.m. 

It has been further experimentally shown that a large group 
of observers who might include the whole horizon in theii' ob- 
servations would see about si.\: times as many as are visible to one 
eye. Professor H. A. Newton and others have calculated that, 
making all proper correetion-s, the number which might be visible 
over the whole eaith would l)e a little greater than 10,000 times 
as many as could be seen at one place. From this we gather that 
not less than 20,000,000 luminous meteors fall upon our planet 
daily, each of which in a dark clear night would present us with 
the well-known phenomenon uf a shooting-star. 

This number, however, by no means represents all the sporadic 
meteorites that enter our atmosphere, because many entirely 
invisible to the naked eye are often seen in telescopes. It has 
been suggested that the number of meteorites if these were 
included would lie increased at least twontyfold; this would 
give us 400,000,000 meteorites penetrating the earth’s atmosphere 
daily. 

If wo consider only thoso meteorites visible to the tialcedeye 
as sporadic meteors or falling stars, and if we further assume that 
their absolute velocity in space is e(iual to that of comets moving 
in parabolic orbits, Professor H. A. Newton has shown that the 
average number of meteorites in the s])ace that the earth traverses 
is in each volume equal to the earth about 30,000. This gives us 
as a result in round numbers that the meteorites are distributed 
each 260 miles away from its neighbour's.’ 

* Article “ Moteoritas," IVofriwor Newton, JUne^/elapaid'la BrUannka, ninth edi- 
tion, vol. xvi.j and ''Alwtraot of a Momoir on Shooting -Stars,” by Professor 
Newton, SiUirmn'B Journal, vol, xxxix., 186C. 
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It has already been shown in Chapter XL that the term 
“ sporadic ” was simply a measure of our ignorance ; and that when 
the continuous observation of falling stars was really begun in 
earnest, the number of constant points from which they 
was soon mightily increased ; the falls thus became systematised, 
and it was found that the November and August swarms were 
true types. With every new "radiant” thus established the 
number of sporadic meteors naturally became less and less.^ There 
will be a further word to be said on this point in the tiatH; chapter. 

With regard to the systematic meteorites — those, namely, 
that are massed in swarms— the labours of many observers have 
already enriched science with a large number of showers, of 
which the return is periodic; among these may be TnAT>finTied the 
following :® — 


Name of 
shower. 

Duration. 

Date of 
maximum. 

Badumt 
point, 
a 9 

Sun’s 

longitude. 

Quadrantids 

Dec. 2 8- Jan. 4 

Jan. 2 

229-8 + 63-6 

281-6 

Lyridfl 

April 16-22 

April 20 

269-'7 + 32-S 

31-3 

Tf Aquarids 

April 30-May 6 

May 6 

337-6- 2-1 

46-3 

B Aquarids 

July 23-Aug. 25 

July 28 

339-4-11-6 

125-6 

Peiseids 

July 11-Aug- 22 

Aug. 10 

46-9 + 66-9 

138-5 

Orionids 

Oct 9-29 

Oct. 18 

92-1 + 16-6 

205-9 

Leonids 

Nov, 9-1*7 

Nov. 13 

160-0 + 22-9 

231-5 

Andromedes 

Nov. 26-80 

Nov. 27 

26-3 + 48-8 

245-8 

Gteminids 

Dec. 1-14 

Dec. 10 

108-1 + 32-6 

269-5 

With regard to these showers much 

still remaius to 

be done 


before their density can be stated- Professor Newton has, how- 
ever, calculated that in the Biela swarm the meteorites are 20 
miles apart. 

1 It is highly probable that the meteors termed sporadic really to 

aystematio showers, which are, however, of extreme tenuity. There is a ivast 
number of feeble aystems of this diaracter, and many of them, being simultaneously 
in action, gave rise to the disenrsive flights visible on ordinai^ oi gh ta of the year, 
and induced the belief that such meteorites were isolated, and mere chance visitoiB 
to oar atmosphere. Prolonged observations, chiefly by Mr. Denning, have recently 
shown that these meteorites may be assigned to th^ several radiant pointer and 
that as many as fifty or sixty d^erent systems are sometimes in operation on one 
and the same night. 

» Denning, lltnMn Notteea, voL xlviil p. 111. 
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Tins chapter may fitly conclude by the following notes 
on the above showers, for them I am chiefly indebted to Mr 
Denning — 

Qmdutid uh the fii-st to tli-temime this radiant accurately It was 
subaeciuently observed by Master and Pioleasor Herscliel (1863-1864). The radiant 
is circunn>olar in this latitude, but low down during tlie greater part of the night, 
hence the display is Ubually seen to the best advantage on the morning of 2d 
January. 

Xyr/efs.— Attention was first duiun to the April inctcois by Henick in the United 
States (7’. J. Report, 1871, p 42). The probable identity of this meteor orbit mth 
Comet I., 18G1, was pointed out by Gallo and Weiss. 

71 obseiwations are urgently required of this stieam The 

radiant is only visible for a shoit timo before siinnsc. There is a considemble 
difference between Mr Denning’s results and those secured by Colonel Tujiman, the 
discoverer of this system in 1870, uliosi* observations place the ladiant at 326.^- 2J, 
29th April to 3d May, 

5 Jq{(arid8.—lihQ moleonc e]ioeh, 2Gth-30tli July, was firat pointed out by 
Quetelet many years ago. Blot also found, from the oldest Chin esc observations, a 
geneml luaMTuuin between ISth and 27th July (irunihfddt). Showers of Aquarids 
were reniarkfid by Selnuidl, Tupinan (1870), and otliers, but it was not known until 
obscrvatioiKM in 1878 by Denning that the Aquarids formed tho special display of 
tho epoeli, and thtit there were many early IViwid.s visible at tho same time. 

iV'/'w'irf.v,— Muselieiibrocek, in his work on Mnml Philimphy, pnnted m 1762, 
mcntion.s that he observed sluKiting-sfarH to be more nuiuorous in August than m the 
other months of the year, (.bietelet, in 1835, was, however, tho first to attribute a 
definite maMiniun to the Olh-lOili. This stieinn is mniirkahlo for its extended 
duration, and for the obvious <li.splaeeuient wliieh ocenrs from night to night in the 
place of its nuliant (see Ha-idhly Nuhern, xlv. ]q». 97, 98). Tho period of visibility 
appears to cover the foily-thrcc nights from 18th July to 22d August inclusive, and 
the radiant advunct'S froin a“-f-4{P to 76" f 57 \ This shower apparently varies but 
little in its annual richness. In the morning of llth August it usually yields from 
sixty to idglity nudeors ]»cr hour for orif‘ obseuwer, 

OrUmUh ,- Professcus Sehniidt and Uersehel were tho first to discover the Ononids 
as tho most brilliant tJisphiy of tlm October pe.nmi, and accurately dotorminod its 
radiant in 1H6iM86r». Ilorriek reeoided a shower at 99N 20“, 20tli-20th October 
1839, and ^loxioli in 186H reeorled many meteors whieli wer* usevibed to a radiant 
at 1U“ tSJO", but ibero is no doubt that the Orioinds were olKservcd in both these 
eases, though the radiant was badly assigned. There is a contemporary shower at 
106® +22", to 6 itminurmut which is liable to be eonfusod with the Orionide, 
but tho latter is l>y far tho rh'her of the pair. The radiant of tho Orionids shows 

no diapUoement like tho Pijmeiils. ^ 

This is the faniouH November swarm, to which wo have sufnciently 
referred In the text. The last splendid shower was in 1866, 13th November, and 
many meteors were soon at tho few subsoc|uent returns. During tlie last fifteen 
years the displays have been oxtromoly meagre. There is no doubt, however, that 
the moteora form a complete ellipse, for tho earth encounters a few of the particles 
at every passage through the node, It is supposed that there are minor groups of 
meteors pursuing the same orbit, 
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Andromedes . — Observed by Brandes, at Hamburg, 7th December 1798. It also 
recurred in 1838, and was recognised by Zezioli in 1867, and afterwards ascribed by 
Schiapar^ to its true source in Biela's Comet ; the very brilliant showers of 27th 
November 1872 and 1885 are still fresh in the memory. It is uncertain whether 
this group forms an unbroken stream ; if so, the regions far removed from the 
comet must be extremely attenuated. Some of the meteors were seen in 1877 and 
1879. The radiant is difiuse to the extent of 7^ or 10°. The cometary radiant is at 
28**‘4+43®*4 (Weiss), and 24°+48°-2 (Corrigan), which is very close to the meteoric 
centre. Betums of the shower should be looked for in 1892 and 1898. 

Geminid8.---Mx. Greg first called attention to the importance of this shower. It 
was well observed by Professor Herschel in 1861-1864, and some later years. 
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Ihe final step taken by SchiapareUi in hia investigations was a 
demonstration that the orhits of certain of these streams or swarms, 
bo which reference has been made, were really identical with the 
elements of known comets. 

Schiaparelli computed the elements of the orbit of the August 
meteors, supposing them to he moving along a cometary or parabolic 
orbit. For his calculations the data were the radiant in E.A. 44°, 
N. Ded. 5C°, and the time of the earth passing near the centre of 
the group in 1866, August 10-75. With the elements thus obtained 
he found those of the comet, 1862, III., discovered by Tuttle on 
18th July 1862, according to the latest determinations by Oppolzer,^ 
to be nearly identical, as is seen in the following statement : — 


Long, of perihelion 
Long, of node 
Inclination . 
Perihelion distance 
Motion 

Perihelion passage 
Period 


Elements of 
August Meteors. 

, 343“ 28' 

. 138“ ir 

. 64“ 3' 

. 0^9643 

. retrograde 
. July 23, 1862 


Elements of 
Comet, 1862, III. 
344“ 41' 

137“ 27' 

66“ 26' 

0-9626 
retrograde 
Aug, 22-9, 1860 
123-4 years 


As remarked by Professor Newton,^ we come thus to the un- 
expected conclusion that the comet of 1862 is nothing else than one 
of the August meteoroids, and prohably the largest of them all. 

* Asir. Nach., Ko. 1884. * SilUman^B Jomrml, vol 3cliii., 1867. 
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When this relation of the comet of 1862 ■writh the August 
meteors was discovered bj Schiaparelli, no comet was known 
having similar relations with the November meteors. Oppolzer, 
however, shortly afber,^ published a corrected orbit of comet, 1866, 
L, discovered by Tempel in December 1865 ; and the resemblance of 
its elements to those of the orbit of the November group was at 
once obvious, and attracted the attention of several astronomers.^ 
The following table gives the details — 


Nov. Meteors. 


Penhelion passage . Nov. 10*092, 1866 
Passage of descending node „ Id’SVO 
Long, of Perihdion . 66® 26*9' 

„ ascending node . 231® 28*2' 

Indination . . 17® 44*6' 

Perihelion distance . 0*9873 

Eccentricity . . 0*9046 

Semi-major axis . . 10*340 

Periodic time . . 33*250 

Motion . . . retrograde 


Comet, 1866, I. 
Jan. 11*160, 1866 

>j ■ • 

60® 28*0' 
231® 26*1' 

17® 18*1' 
0*9765 
0*9054 
10*324 
33*176 
retrograde 


Tempers comet has been found not only to describe the same 
orbit as the November swarm, but to occupy the same portion of 
the orbit, probably nearer the head than the tail of the swarm. 
The observations of 13th November 1865 showed that the earth 
traversed the anterior portion of the swarm at that time. Two 
months later the comet passed the node, and ten months afterwards 
the earth, returning to the node, encountered the dense portion of 
the stream, which gave rise to the ^orious display in 1866, hence 
the total length of the stream would exceed 600,000,000 miles. 

Professor Newton ^ remarks that the computed elements of the 
comet of 1366, though very uncertain, resemble those of comet, 
1866, 1., and may belong to the same body. There was a remark- 
able star shower in 1366 shortly after the computed perihelion 
passage of the comet. 

The comet, 1862, IIL (sometimes called 1862, II., by not counting 

^ Aatr, Nadh,t No. 1624. 

® Peters, AaPr. Nach., No. 1624 ; Oppolzer, ibid., No. 1626 ; Schiaparelli, ibid, 

^ Bulletino Mekor,, 28th Fehmary 1867. 

* Amer, Joum,, second series, vol. xliii. p. 286, 1867. 
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Sncke’s comet), was first remarked ie July, and therefore a month 
)efore the appearance of its meteors, the Perseids. It was visible 
Qore than three months. At its brightest its nucleus was equal to 
L star of the second or third magnitude, and its tail, according to 
.ome observers, was as much as 25° in lengtL 

The minimum distance of TempeTs comet from the earth’s 
)rbit was *00660, about two and a half times the distance of the 
3 arth from the moon. This distance for Tuttle’s comet was *00472 
)r about 430,000 miles. 

Since this discoveiy of Schiaparelli’s, several other star showers 
have been shown to be due to meteorite swarms pursuing generally 
elliptic orbits round the sun, which orbits are identical with those 
of various known comets. And it is probable that other meteor 
streams will subsequently be associated with comets. 

This work was chiefly done in the first instance by a Committee 
of the British Association for the Advancement of Science, who pub- 
lished each year, from 1850 to 1881, a Pteport on Observations of 
Luminous Meteors, in which were given the times, paths, physical 
appearances, and other phenomena of meteors seen during the years 
immediately preceding. Mr. R P. Greg, assisted by Professor A. S. 
Herschel, subsequently undertook the task of plotting the paths, 
and by this means they early determined between fifty and sixty 
radiants for different periods of the year. 

Working on these data, Professor Herschel ^ in 1878 gave a list 
of seventy-one instances of approximate agreements between the 
elements of certain comets and meteor showers, but many of these 
are likely to be accidental agreements. There are only five oases 
known in which all the conditions favour the idea of absolute 
identity, viz. — 


Date and radiant of comet. 

1861, L, April 20 . 2'70‘’*C+32" 
1835, IIL, May 4 SSV ± 0 

1862, IIL, Aug. 10. 43 +57*5 

1866, L, Nov. 13 . 160-5 +23-5 
1862, llL, Nov. 27. 24 +42 


Date and radiant of meteor shower. 
Lyrids, April 20 . . 270’’ + 32'’-6 

Aquands, May 6 , . 338 - 2 
Perseids, Aug, 10 . . 46+67 

Leonids, Nov. 13 . .150+23 

Andromedes, Nov. 27 25 +43 


^ Monthly Notices, vol. xxxviii. 1878. 
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Although we owe the final demonstration of the meteoritic 
nature of comets, as we have seen, to the lahours of Newton, 
Adams, and SchiapaxeUi chiefly, long before their timfl the con- 
nection between shootmg-stars (and even meteorites) and comets 
had been suspected on various grounds.^ 

Many shooting-stars pass through the air with a trail This 
appearance is certainly suggestive of a very rapid comet. Hence, 
perhaps, it was that such an appendage, often noticed in the case 
of bright meteors, was sometimes described in ancient records as a 
comet. It is known that Cardano described as a comet the great 
meteor &om which fell 1200 stones on the territory of Orema on 
4th September 1511.^ 

Not only, as we have seen, did Kepler (1600) regard shooting- 
stars as akin in nature to meteorites, but he held that both had the 
same origin as comets — 

Falling stars ace composed of inflammatory viscous materials. Some 
of them disappear during their &11, while others indeed fall to the earth, 
drawn by their own weight. Nor, indeed, is it improbable that they have 
been formed into globes from feculent matecialB mixed with the ethereal air 
itself and thrown from the ethereal region in a strai^t line through the air 
like very small comets, the cause of the motion of both being hidden.^ 

Halley (1700), though he thought that the phenomenon of 
shooting-stars* was produced by a material disseminated through 
celestial space falling upon the sun and meeting the earth in 
its passage, did not associate it with cometaiy phenomena; but 
Maskelyne (1766) held that meteors were of celestial origin, and 
was inclined to assimilate them to comets. He wrote as follows 
in a letter to the Abbd Gesaris, the astronomer at Milnu, about 
12th December 1783 : “Preely accept, I pray you, this map, which 
I have lately published in order to stir up learned men rather 
than the unlearned, to observe more keenly the phenomena 

^ For many references in what follows 1 am indebted to the historical notipe in 
Schiaparelli's Stelle Oadenite, which is certainly one of the most important contribu- 
tions to astronomical Uteratore which this century has produced. 

> Humboldt, Cosmos, iv. p. 587 {QtU) ; Cardano, Opera, Lugduni, 1668, t iii. p. 
279 ; see also Schiaparelli, S^lle Cadenie, 

• Kepler, Opera, ed. Frisch, yoL yL p, 167. 

^ Coulviei>-Grayier et Saigey, Inirod, JSTisMg^, p. 5. 
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called fire-balls. In all probability they will turn out to be 
comets. . . 

We have already seen that Chladni formulated the view, in 
1794, that space is filled with matter. In 1819 he extended it by 
stating that shooting-stars, meteorites, and comets were but different 
manifestations of it.® 

Chladni made another step, of which, as pointed out by Schiapa- 
relli, only to-day are we able to appreciate the importance. In 
suggesting the cosmieal hypothesis, he regarded two possible cases ; 
either the meteors are formed of masses of independent materials 
which had never constituted part of the larger celestial bodies, or 
they are the result of the destruction of a celestial body previously 
existing. Chladni regarded the second hypothesis as possible, but 
held to the first as more probable. He stated that we could not 
doubt the existence, in the celestial spaces, of small bodies endowed 
with movement, wliich are now and then visible by passing before 
the sun. 

He held, therefore, that the small masses which appear under 
the forms of bolides and falling stars do not differ essentially from 
comets. It is also probable, he says, that comets consist of clouds 
composed in great part of masses of vapour and dust, which are 
kept together by mutual attraction. That this attraction is not 
enough to sensibly disturb the planetary movements is a proof of 
the exceeding tenuity and dispersion of the materials in such 
clouds, through which, however large, it is possible to observe the 
fixed stars.® 

In 1839 the Abb6 Halliard suggested a connection between 
luminous meteors and comets and the aurora,^ and Dr. Forster 
noted that the years marked by the appearance of a large comet 
are remarkable also for the abundance of falling stars, especially 
of white ones.® 

* Memorie Mia Sockbi lialima, vot iii. p. 345, Verona, 1786, 

“ Ueher FeiterTnMcorCf mid iwher die mU deTiselben hcrdbfftfallenen Mciseen (Wiexi, 
1819) ; see also Ueher den Ursprutig der von Pallets gefundeenen I». 24. 

** Fextermeteorej p, 396 ; see Koomtz, Meteorologie, vol iii. p. 816. 

^ Les MmdeSt t xii. p. 649^ et t. xiii. p. 606. 

® Fmi sur Vlnjlumce dcs Cmn^tes, etc. (Bruges, 1843), 



CHAT, xm THESE METEOR SWARMS ARE COMETS 


143 


Feiliaps the iiist to give a more solid support to the cometaiy 
theory of falling stars on geometric grounds tras BoguslawsM, 
-vrho conceived the idea of representing, hy means of parabolas, 
the apparent orbits observed in some of the August meteors of 
1837.1 

For the next important advance in thought upon this subject 
■we have to come do-wn to 1858, in which year Baron Beichenbaoh 
published a most important memoir ^ attacking the question from 
an entirely new point of •view. Accepting as proved, by the then 
knowledge, the most intimate connection between meteorites and 
falling stars, he argued that both were connected with comets. He 
first recapitulated the facts then accepted with regard to the latter — 

(1) Comets, both tedl and nucleus are transparent. 

(2) light is transmitted through comets ■vrithout refraction; 
hence the cometary substance can be neither gaseous nor liquid. 

(3) The light is polarised, and therefore borrowed from the 
sun. 

(4) Comets have no phases like those of moon and planets. 

(5) They exercise no perturbing infiuences. 

(6) Donati’s comet (which was then ■visible) in its details and 
its contour is changing every day — according to Piazzi, almost 
hourly. 

(7) The densijy of a comet is extremely small. 

(8) The absolute mass is sometimes small (von littrow ha'ving 
calculated very small comets, tail and all, as scarcely reaching 
8 lbs.) 

From these data the foUo^wing conclusions might be dxa'wn : — 

(1) That a comet’s tail must consist of a swaim of extremely 
small but solid particles, therefore granules. 

(2) That every granule is far away from its neighbour — ^in &ct, 
so fax that a ray of light may have an uninterrupted course through 
the swarm. 

(3) That these granules, suspended in space, move fredy and 
yield to outer and inner agencies — agglomerate, condense, or 

^ Conlvier-OraTier et Saigey, JiUrod, Bistorigut, p. lOS. 

* Poggendoifl's Antudm, vol. or. p. 488. 
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expand; that a comet’s nucleus, where one is present, is nothing 
else than such an agglomeration of loose substances consisting of 
particles. Hence we must picture a comet as a loose, transparent, 
illuminated, free-moving swarm of small solid granules suspended 
in empty space. 

The next step in Eeichenbach’s reasoning was to show 
meteoiites (of which he had a profound knowledge) were really 
composed of granules. He pointed out that these granules (since 
called ohondroi) formed really the characteristic structure both of 
irons and stones, so that both orders were chiefly aggregates of 
ohondroi — stony ones in iron meteorites, iron ones in stony meteor- 
ites. In some irons, such as Zacatecas, they exist as big as walnuts, 
firmly adherent, but they can be separated ; inside these are balls 
of troilite, often firmly embedded, so that on breaking the meteorite 
they will divide, but in other cases so loose that they fall out, and 
they are smooth enough to roll off a table. 

Sometimes chondroi have smaller ones sprinkled in them, 
sometimes dark ohondroi have white earthy kernels. In other 
cases chondroi are so plentiful as to fonn nearly the whole mass 
of the meteorite. They are often perfectly round, but not always, 
and they are often so loose that they tumble out and leave an 
empty smooth spherical cavity. 

The stones chiefly consist of such chondroi and their dShris. 

He adds that each magnesic chondros “is an independent 
crystallised individual — ^it is a stranger in the meteorite. Every 
chondros was once a complete, independent, though minute 
meteorite. It is embedded like a shell in limestone. Millions of 
years may have passed between the formation of the spherule and 
its embeddal.” 

The remark is next made that the chondroi of meteorites 
indicate a condensation of innumerable bodies such as we see 
must exist in the case of comets ; further, that they have been 
formed in a state of unrest and impact from aU sidea Many 
meteorites are true breccias ; they have times suffered 

mechanical violence. He adds that in comets we have precisely 
the conditions where such forces could operate, and hence arrives 



CHAP, xm THESE METEOR SWARMS ARE OOMETS 


145 


at the view that " comets and meteorites may be nothing else but 
one and the same phenomenon.*’^ 

This was in 1868, eight years before Schiaparelli’s discovery, 
which was also veiy clearly foreshadowed by Kirkwood, who 
insisted on very definite grounds, as we shall see in the next 
chapter, upon the identity of comets and falling stars. 

It is interesting at this point to inquire what the precise 
difference between a falling star and a comet was then supposed 
by astronomers to be. It will be seen that it was vastly different 
from Eeichenbach’s. Newton referred the comet of 1862 to the 
largest meteorite in the August swarm. In 1873 the following 
views were expressed in the Eeport of the B.A. Committee on 
Luminous Meteors : ^ — 

The extraordinary meteorological changes which comets undergo from the 
eccentricities of their orbits may, by the process of a kind of “ weathering,*' 
disintegrate their surfaces sujQSiciently to scatter such bodies in crowds along 
their patha 

In this view, instead of presupposing the existence of cosmical clouds 
containing all these several bodies separately formed, comets nuty be regarded 
as parent bodies from which aerolites and shower -meteors are similarly 
derived. Adopting a special, theory of the origin and of the physical con- 
stitution of comets, ZoUner explains the production of such star-showeis as 
that which was witnessed last November, by a process very similar to the 
last^ 

Supporing the remnants of a shattered star or planet to be scattered by 
some catastrophe into interstellar space, besides the materials of aSorlites 
and detonating fire-balls which would result, it may be assumed that fluid 
masses, as of their seas (and possibly hydrocarbons) and other easily volatil- 
isable substances would occur among the debris of such a shock. Among 
the fluids and easily vaporisable materials thus ushered into space, and there 
maintained as liquids or solids by cold, and by their own attmcMons, the 
sun’s heat acting upon their otherwise fixed masses, when first drawn into 
its immediate neighbourhood, would effect a sur&ce distillation sufficiently 
abundant to detach some vaporous portions from their q)here8, or even to 

1 Por this analysis of a part of Reiohenbach’s memoir, 1 am indebted to my friend, 
bir. !L Sletcher, of the British Huseom. 

» Page 899. 

^ P. Zbllner, Ueber dm wn Stenuehni^ppm md Oometen:, Pog- 

D^dorffs AwncUa^ vol. cxlviii. pp. 822-829. 'See also Uaber die NcUm dm QmAtm 
[Leipzig^ 1872), by the same author, p. 109. 

L 
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volatiJiBe them completely, and to eftace them, after many periodic revolu- 
tions, from the sky. These vapours might possibly re-condense afterwards 
into solid dust or drops, to assume the form of meteor swarms along the 
cometary orbit, producing on their collision with the earth’s atmosphere the 
extraordinary phenomena of star showers.^ 

We may infer from the work which has already been done 
that Keichenbach’s view is more probably the true one, and that 
the head of a comet is merely the denser part of a swarm. 
Whether that denser part is at the end or at the beginning of the 
long line to which reference has been made, it does not very much 
matter, but where that is, there we shall have the appearance of a 
comet presented to us in the heavens. We, indeed, are not limited to 
the supposition that there is only one dense part in a swarm; there 
is evidence to the contrary supplied both by falling stars and comets. 

The November swaim orbit has in all probability two maxima.^ 
Professor Kirkwood pointed out in 1875 that the dates of 
certain meteoric showers, given by Humboldt and Quetelet as 
belonging to the November stream, indicate the existence of two 
distinct and widely separated clusters moving in orbits very nearly 
identical. The years thus designated were 1787, 1818, 1820, 1822, 
1823, 1841, and 1846. He writes — 

As the last two were subsequent to the great display of 1833, the meteors 
seen were noticed only in consequence of their being specially looked for ; 
and as the number conformable to tbc radiant of the Leonids is not given, 
there may be some doubt whether those observed really belonged to the 


^ That even uiineiul substances are gradually volatilised at comparatively low 
temperatures, and sublime or are recondensed in appreciable quantities, is shown by 
some remarkable experiments by the Uov. W. Vernon Harcoui’t on various mmorals- 
placed for many years under the hearth of an iron smelting furnace, as described in 
the volume of these Reports for 1860, p, 175 et seq, (with coloured plates). Under 
the action of a prolonged heat, in which neither copper, zinc, lead, nor tin were 
fused, the oxide of copper which formed a crust upon the plate of that metal had 
sublimed, and deposited itself in red crystals along with sublimed metallic copper, 
not only upon the surface, but also in the interior of the neighhonring piece of lead. 
The adjacent pieces of tbe other metals were similarly calcined, and coated with a 
thick crystalline crust of their oxides which had diffused itself in a similar manner 
among the substances of the surrounding blocks (see the explanation of the experi- 
xnents and of the plates at pp. 188 and 192 of that Report). 

® Lumihous Meteor Report, 1876, x>p, 224, 225. 




CHAP, xm THESE METEOR SWARMS ARE OOMETS 


147 


November stream. The former displays occurred before the periodicity of 
such phenomena had been suspected, and the number of meteors would seem 
to have been considerable. As the shower of 1787 preceded by twelve years 
the great meteoric fall witnessed in South America by Humboldt, the group 
from which it was derived had passed beyond the orbit of Saturn at the time 
of the latter display. The phenomena of 1818, 1820, 1822, and 1823 
indicate that, as in the case of the zmyor group, which passed its descending 
node between 1865 and 1870, the meteoroids are extended over a consider- 
able arc of their orbit From November 1787 to the middle of the nodal 
passage of 1818-1823 is about 33^ years — a period nearly the same as that 
of the principal cluster. These facts alone were regarded by the present 
writer as giving reasonable probability to the hypothesis of an approximate 
identity of orbits. In Nature, voL xi. p. 407, it was shown that the meteor 
diowers of October 865 and 866 were probably derived from the stream of 
Leonids ; and it is certainly remarkable that the interval from 855 to 1787 
is eq[ual to twenty-eight periods of 33*293 years. Again the shower observed 
in China, 28th September, 288 a.d., mining proper allowance for the nodal 
motion, corresponds to the same epoch, the interval between 288 and 855 
containing seventeen periods of 33*35 years. 

Several instances are known in whioh, in like manner, there are 
two comets pursuing the same path. 

The demonstration of the identity of meteor swarms and comets 
is one of the greatest physical triumphs of the century. From the 
point of view of this book it is of fundamental importance, because 
it enables us to apply everything that we have learned about 
comets to the movements of meteorites in space ; wliile in the case 
of meteors and falling stars we were limited to what took place 
in our own air. 



SECTION II-WHAT THESE APPEARANCES ARE 


CHAPTER XIV 


THE APPEAKAiTOBS PRESENTED BY COMETS AWAY PROM AND 
NEAR THE SDN 

Aphelion 

When a comet first becomes visible, it appears in the telescope as 
a round misty body, and moves very slowly in consequence of its 

still great distance fixtm the sun. At 
this time, too, its light is very feeble. 
Its appearance under these conditions 
Strikingly resembles that of a nebula, 
and in fact comets have often thus been 
mistaken for nebulse and vice versd. 

Occasionally the appearance put on 
is that of a planetary nebula in small 
telescopes and of a globular one in 
. 28). 

The globular form, after a time, gives way; there is a concentra- 
tion of light now at one end of an elliptic patch, the front part of 
which gradually brightens, so that in some cases it puts on the 
appearance of a orescent moon. 

In the next phase the appearance becomes more like what is 
ordinarily recognised as a comet The patch has lengthened ; it 
is bright at one end and faint at the other (Fig. 29). 



Fro. 
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As the comet approaches nearer the earth, so that observations 



FiOw 28 .— Tbi roHS-SBOOKB OoKsi (ISttk JantuBT 188(, Thollon). 

of its several portions may be seen, we get a still greater differenti- 
ation of the phenomena (Kg. 30). 

Kg. 31, which is a representation of Donati’s comet as it 



Pro. 99 .-*Tbb Pirb® BBonnnaFGw a Tail. 


appeaiied in 1868, ■will serve to illustrate the main characteristics 
of comets. The brighter part is called the head or cama^ and some^ 
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times, within this, there is a still brighter and smaller portion called 
the mideus. The tail is the dimmer part radiating from the head, 
and this varies greatly in different comets ; it may be long or short, 
straight or curved, single, double, or multiple. The comet of 1744 
had six tails, that of 1823 two. In others the tail is entirely absent 



Fia. 80.—The lower portion represents the elongation of the star-lilte luminosity ; the upper one, 
the cozicomitant extension of the whole comet (Oomet Sfith Ootolier 1882, Seahrolce). 


The tail of the comet of 1861 was 20,000,000 miles in length, and 
that of the comet of 1848 was 112,000,000 miles long. 

When the tail is first noticed it often takes the form of a long 
narrow bright bar, following an almost circular head of much 
greater cross-section. In a later stage the tail is darkest in the 
centre and brightest at its exterior surface. 
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Both head and tail are so transparent that all but the faintest 
stars are easily seen through them. The ,star Arcturus was seen 
through the tail of Donati’s comet in 1858 at a place where the 
tail was 90,000 miles in diameter. 

ITie Approach to P&nhdwa. 

As a comet approaches the sun, its velocity, like that of the 
planets, increases, and it gradually gives out more light. 

When the comet gets sufficiently bright, aigreitea or jets make 
their appearance ; these are so called because they seem to shoot 
out from the nucleus as sparks shoot 
out from a squib. The jets rapidly 
change their positions and directions, 
and the tail is formed, apparently at 
the expense of the matter of which the 
head was in the first instance built up. 

The tail is always turned from the sun, 
whether the comet be approaching or 
receding. 

Drawings of a comet, as seen at 
different times, show how the jets vary 
in appearance and direction. Instead 
of jets, some comets present phenomena 
of a very different draiaoter, called 
envelopes, which are thrown off con- 

, Pig. 81 .— ]>osrATi'B Ogicbs Cgeneral view). 

oentncally from the nuoleus. 

These are among the chief physical peculiarities observed in 
comets; and we see at once that we have something perfectly 
distinct from the planets, and that some comets are at first sight 
different from others. The envdopes have been observed to rise 
from the nucleus with perfect and exquisite regularity in exactly 
the same way that the jets swing backwards and forwards. 

The enormous effect produced by a near approach to the sun 
may be gathered from the fact that the comet of 1680, at its pm- 
helion passage, while travelling at the rate of 1,200,000 miles an 
hour, in two days shot out a tail 60,000,000 miles in length. ' 
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We must now enter somewhat more into details with regard to 
some of these cometary characteristics developed as the sun is 
approached. 



Fic.« 82 --CoHa: with Binqls Nuolbuh (CiuIr's Oomet, 1882, Bioc6). 


It must be pointed out that these oometary meteoritic swarms 
are not always single; double, triple, and multiple nuclei have 
been observed (Figs. 32-35). 



Flo. 88.^Nooi;.sus auRBouKDKO BY SJLLipaotDAt Hrad (Com«t 25th Ootober 1882» in Washington 

Befraotor). 


In the case of single nuclei the nucleus may be the origiu, and 
lie in the brighter region, the extension of which forms the tail ; 
but this is not ihvariable ; the nucleus may be caught forming part 
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of an dliptic head (Fig. 33) before any very great extension of the 
tail begins to take place, owing to reasons which will be stated 
farther on. 

In the case of double or multiple nuclei we have a clear indica- 



Fig. 84.— Ooupoukb Nuglbl^s (same Comet, 5th November). 


tion of the existence of more than one cliief meteoritic swarm, 
whether they be enveloped in the same atmosphere or give rise to 
the same tail (Fig. 34). But it would seem that, in some cases, 
different nuclei may give rise to separate tails ; such is possibly 



of 188? (Fig. 35). 

The circular aA in the front of the comet sometimes changes 
its aspect, so that we have the appearance of two circular arcs con- 
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nected at the nucleus. Under this condition the comet puts on the 
appearance of a sea-bird poising (Fig. 36) ; at a later stage the 
circular arcs (the wings) get nearer together, and the angular space 



Fio 30 — Combination of Jets anb Envelopes (Comet of 1801) 

between the arcs in front of the nucleus is much restricted. 
Sometimes these arcs are only seen on one side of the nucleus, 
or as if they overlapped it, and at such times the idea that the 
change is the result of a rotation is strongly suggested. 

Possible Connection hetioem the Jets and Envelopes. 

The jets observed in comets when near the sun are very 
various in form. The concentric envelopes seen at times are 
much more regular ; an idea of their appearance will be gathered 
from the accompanying illustration of Donati’s comet 

It has not yet been clearly ascertained whether the jets and 
envelopes are connected phenomena — that is, whether the jets are 
true whirls of the meteorites themselves — or whether they repre- 
sent volatilisation of the vapours of the nucleus in a particular 
direction, which vapours subsequently assume a concentric form. 
In Halley’s comet, at all events, no relation between these pheno- 
mena was observed. Sir John Herscbel writes concerning this — 

The bright amoke of the jets, however, never seems to be able to get far 
out towards the sun, but always to be driven back and forced into the tail, 
as if' by the action Of a violent wind rolling t^inst them — always frona the 
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Bun — BO OB to make it dear that this tail is neither more nor less than the 
aoonmTilation of this sort of Inminons vapour, darted off in the first instance 
towards the son, as if something raised it up, as if it were exploded bj the 
son’s heal^ out of the kemd, and then immediately and forcibly tumbd bock 
and repelled firam the sun. 

The Ooneentrie and Sec&ntrie Envelopes. 

la Donati’s comet we had perhaps the finest exhibition which 
has been seen of concentric envelopes successively thrown off from 
the nndeuB towards the sun. InCoggia’s 
comet, on the other hand, we had the 
most striking instance which has been 
yet observed in which the envelopes put 
on an appearance as if they belonged to 
tm different systems of concentric en- 
velopes cutting each other. 

It is important here to enter into 
some details. In Coggia’s comet (as 
observed with Mr. Kewall’s 25 -inch 
re&actor, with a low power), next to the 
nucleus the most brilliant feature was 
an object resembling a &n opened out 
some 160°. The nucleus, marvellously 
s mall and definite, was seen (I^^ 38) a pia. st.—conobntbio bmtblopm 
K ttle to the left of the pin’of the fen- " «•'■’*«***»« «»“"• 

not exactly, that is, at the point held in the hand. If this comet, 
outside the circular outline of the fan, offered indications of other 
similar concentric circular outlines, astronomers would have recog- 
nised in it a great similarity to Donati’s comet with its " concentric 
envelopes.” But it did not do so. Envdopes there undoubtedly 
were, but instead of being concentric they were eccentric, and of 
an entirely unique arrangement. 

To give an>idea of the appearance presented by these eccentric 
envelopes, still referring to the fan, let us imagine a circle to be 
struck ftom the left-hand comer of the fen with the right-hand comer 
as a centre, and make the arc a little longer than the arc of the fen.> 
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Do the same with the right-hand comer. Then with a gentle curve 
connect the end of each arc with a point in the curve of the fan half- 
way between its centre and the nearest comer. If these compli- 
cated operations have been properly performed, the reader will have 
superadded to the fan two ear-like things (as of an owl), one on 
each side. Such “ears,” as we may for convenience call them, 
were to be observed in the cornet^ and they at times were but little 
dimmer than the fan. It will be observed that there is a central 
depression between the ears. 

At first it looked as if these ears were the parts of the head 
farthest from the nucleus in advance along the comet’s axis, but 
careful soratiny revealed, still farther forwards, a cloudy mass, the 
outer surface of which was convex, while the contour of the inner 
surface exactly fitted the outer outline of the ears and the interven- 
ing depression. This mass was at times so faint as to be almost 
invisible. But at other times it was brighter than aU the other 
details of the comet which remain to be described, now that I have 
sketched the groundwork. Occasionally to be seen outside all 
was still another fainter mass, both the surfaces of which were 
convex outwards, the inner one having a greater radius. This 
exterior envelope or “umhuUung” was the faintest part of the 
head. 

In the root of the excessively complex tail were to be observed 
prolongations of all the curves to which I have referred. Thus, 
belrind the bright nucleus was a region of darkness which opened 
out 46° or 60°, the left-hand boundary of which was a continuation 
of the lower curve of the right ear. All the boundaries of the 
several diiferent shells which showed themselves, not in the head 
in front of the fan, but in the root of the tail behind the nucleus — 
were continuous in tliis way — the boundaiy of an interior shell on 
one side of the axis bent over in the head to form the boundaiy 
of an exterior shell on the other side of the axis. 

I next draw attention to the kind of change observed. To 
speak in the most general terms, any great change in one “ ear ” 
was counterbalanced by a change of an opposite character in the 
other ; so that, when one ear was thinned or elongated, the other 
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'widened ; when one was dim, the other was bright ; when one was 
more “pricked” than nsnal,- the other at times appeared to lie 
more along the curve of the fan and to form part of it. Another 
kind of change was in the fan itself, especially in the regularity of 
its curved outline and in the manner in which the straight sides of 
it were obliterated altogether by light, as it were, streaming down 


JfiQ, sa— Bottgb Odtlinb Skbtok of Hbap Azn> Bhvblopbs of Oogoia'b Oohst a» esm is 
Kb. Nbwall’b SS-iboh Bbfbaoxob os tef Niaar of 12th Jolt 1874 (Fftrilielloii PBSBaf;^^ 
SthjQly). 

into the tail. There vm nothmg wMeh in the slightest degree 
resembled the giming off of vapowr. 

The only constant feature in the comet was the exquisitely soft 
darkness of the r^on extending for some little distance behind 
the nucleus. Farther behind, where the envelopes, the prolonga- 
tion of which formed the tail, were less marked, the delicate 'veil 
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which was over even the darkest portion became less delicate, and 
all the features were merged into a mere luminous haze. Here all 
structure, if it existed, was non-recognisable, in striking contrast 
with the region round and immediately behind the fan. 

Next, it has to be borne in mind that the telescopic object is, 
after all, only a projection, from which the true figure has to be 
assigned, and it is when this is attempted that the unique character 
of this comet becomes apparent. There were no jets, there were no 
concentric envelopes ; but, in place of the latter, eccentric envelopes 
indicated by the ears and their strange backward curvings, and 
possibly also by the fan itself. 

It seems impossible that we can be here dealing with the mere 
volatilisation of the materials of which the nucleus is composed ; 
for, assuming that it is possible, as ‘has hitherto been imagined, that 
shells of vapours can be thrown off to form concentric envelopes, 
and that the heads of comets like Donates are thus buUt up, it is 
difficult at first to see how such appearances as here described 
could be produced. 



CHAPTER XV 


THE FOEOES 'WHICH PEODUCE THE VABIOUS FORMS OBSERVED 
m OOMBTAET SWARMS 

There has been no minute inquiry into the causes which produce 
the -vrarious appearances put on by comets about aphelion. Many 
have attributed their luminosity to reflected sunlight, others have 
regarded it as electrical. But the causes to which the appearances 
brought about by the approach to perihelion may be ascribed, have 
been inquired into ; and as it is now necessary to dwell on this 
point, we shall best do this by referring to the various memoirs with 
which Boche of Montpellier and Bredichin have enriched science. 
Roche’s work was begun in connection -with the atmospheres of 
planets; and iu concluding the third part of a memoir on the 
figure of a fluid mass subjected to tire attraction of a distant point,’- 
it struck him that the results might possibly apply to the theory 
of corner if we suppose such an object, fluid and homogeneous, 
falling in a straight line towards the sun. 

Ohcmge of Form, in a Cometary Smarm under Tidal Action. 

We have seen that a comet, when it firat makes its‘ appearance 
at its greatest distance, puts on a form resembling a planetary 
nebula. It is at this point that M. Roche closes with it in order 
to see what its change of form must be, supposing it to be fluid and 
homogeneous. 

As it approaches the sun, a tidal action will be set up, as the 
* Mlmoires (Ae Jmdmy voL iu 2>. 23. 
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solar attraction will be greater on the particles nearest to it ; hence 
there will be an elongation of the swarm, and possibly even one or 
more separations along a radius vector. 

If gravitation alone is concerned, the comet will remain 
symmetrical, it will reduce its size as it approaches the sun,^ and 
part of its outer portions will be successively lost along the radius 
vector both towards and away from the sun ; there will, in fact, 
be two outpouring streams — one directed towards the sun, the 



Fm. 39.— Elonoatwn of a Combtaby Swarm. Oomkt b, 1882, Washxnotok Bquatoriaii. 

other away from it. There will be the greatest elongation at 
perihelion. 

M. Eoche makes this out by considering the form of the 
envelope, in which particles will be equally attracted by the sun 
and the general mass of the comet. One chief point of the mathe- 
matical investigations was to determine the surface on which the 
gravity of a small particle was wU in consequence of the solar and 
cometary attractions. This is called the limiting surface. On 
this point I quote from M. Faye® — 

' Amirtles de rOlaervcUoire dc Paris, vol, ▼. p. 376. 

“Foms of Comets,” Nature, vol. x p, 247. 
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There exists, for every body placed vdthin the sphere of action of our sun, 
a surface limit, beyond which its matter may not pass, under pain of escap- 
ing from that body and falling within the domain of the solar action. This 
surfsbce limit depends on two things — the mass of the body, and its distance 
from the sun. For a planet like the earth, whose mass is so considerable, 
this surface limit is very distant, and yet, within the still terrestrial region 
of its satellite the moon, a child could lift, without much difficulty, a body 
which would weigh for us 36,000 kilogrammes, so feeble does the attraction 
of our globe become at that distance of 60 terrestrial radiL A little beyond 
the lunar orbit, a body would cease to belong to the earth, and would enter 
the exclusive domain of the sun. But for a comet this surface limit is much 
nearer the nucleus, and, moreover, it draws nearer and nearer in proportion 
as the comet approaches the sun. . . . The surffice which so limits a body in 
the vicinity of the sun presents two singular points in the direction of the 
radius vector, setting out from which this surface is widened out into a conical 
network, in such a manner that the dissolution of a body, the matter of whidi 



Fio. 40.— SHOwnra how a . Ookbt jjtboaohuio thb Bxth, Gravctt alone bbznq in QuasnoN, 

LOSES 1TB OOHBTITUHNT PaRHOLSEB BXTOND ITS FBBB SUATAON, WHIOH IB OONBTANTLY DDONISH- 

iKo, BY AN Oorriiow nr both Dxbbottons along thb BABitm Vxotob. 

reaches or passes beyond these boundaries^ is effected principally in the 
vidhity of the points referred to, flying, so to speak, into two pieces, thus 
obeying at once the attraction of the cornet^ and espedaUy the thenceforth 
preponderating attraction of the sun. . . . 

All the conditions of instability are found united in comets. Their mass 
is extremdy small, and, consequently, the bux£eu» limit is very near the 
centre of gravity. Their distance from the sun diminishes rapidly in the 
descending branch of their trajectory ; consequently this surface limit becomes 
more and more contracted. Finally, their enormous volume tends unceasingly 
to dilate, because of the increasing heat of the sun, and to cause the cometary 
matter to shoot out beyond this sm&ce lixnii 

What becomes of this matter after it is set free by the action of the sun ? 
Having escaped &om that of the comet, it will none the less preserve the 
original speed, is. the speed which the comet itsdf had at the moment of 
separation ; this speed will scarcely be altered by the feeble attraction of the 
cometary nucleus, or by the internal movements of which I have ^ken, 
since these axe measured hy a few metres per second, while the general motion 
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round the sun takes place at the rate of 10, 15, 20 leagues and more per 
second. The molecules, separated and thenceforward independent, then 
describe isolated orbits around the sun, differing very little from that of the 
comet. Those which are found in advance go a little faster and take the 
lead ; those which are behind remain a little in the rear, so that the aban- 
doned materials are divided along the trajectory of the comet in front and in 
rear of the nucleus. In time these materials are separated considerably fimm 
the body £rom which they emanate, and are more and more disseminated ; 
but, considered at the moment of emission, they wiU form two visible 
appendages, two sorts of tails opposed and stratified on the orbit of the 
comet 

So much for the state of things if gravitation alone is in 
question. 

But is gravitation alone concerned in building up a comet’s 
form? That this is not so was fully recognised long ago, and it 
was suggested by the fact that the tails always appeared to be 
driven away from the sun, Seneca, indeed, was possibly acquainted 
with this fact, as he wrote: “Comae radios solis effugiunt.”* 
Kepler was the first to suggest that the matter of the tails was 
transported to the regions opposite the sun by the impulsion of 
the solar rays ; Euler and Laplace accepted this explanation ; and 
Kewton was the first to give a complete explanation of the curve 
of the tail. 

Olbers, whose researches dealt with the phenomena presented 
by the comet of 1811 , considered that the approach of a comet to 
the sun might develop electricity in one or the other of these 
bodies, and to this were ascribed both the repulsive action of the 
sun on the materials of the comet, and that of the comet on the 
nebulous atmosphere by which it was surrounded. 

Olbers was driven to consider the repulsive action of the comet 
on its atmosphere in order to explain the many luminous sectors 
visible in the comet in question. To this he also ascribed the 
gradual rise of successive envelopes, so well illustrated subsequently 
by the comet of DonatL 

The energy of electrical repulsion depends upon the amount of 
surface of the bodies concerned, whereas the attraction of gravity 

* See Pliny, Book 11., chap. xrii. et seq., for many referenoos to more ancient 
authorities* 
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depends upon the masses of the bodies. Small things have more 
sui&oe in proportion to their masses than large ones, and there 
will therefore be attraction or repulsion between the sun and the 
particles composing comets according as the differential effect of 
the two opposite forces is repulsive or attractive. In the very 
small particles the electrical repulsion will be stronger than the 
attraction due to gravitation, while in the larger particles the two 
forces may balance each other, or gravitation may preponderate. 
Only the finest particles composing the head of a comet are there- 
fore repelled to form the tails. 

Bessel^ considerably modified this hypothesis. He considered 
that the action of the sun on the comet represented a polar 
force. 

M. Faye has more recently held that this repulsive action is 
due to the radiant energy of the sun, and that it has an intensity 
inversely as the square of the distance^ and proportional to the 
surface and not to the mass of the moving particles. Its action 
would therefore be in the inverse ratio of the density of the particles 
upon which it acted; it would vary with every difference of 
cometary constitution ; it would -be inappreciable on the nucleus 
itsdf (the idea being, of course, that the nucleus is a solid body); 
and it wonld be most effective in the case of the rarest vapours. 
The important part of M. Boche’s later memoir consists in testing 
these views of repulsion, to determine whether the forms of comets 
could be explained by its introduction. 

One result is very striking : the tail towards the sun demanded 
by gravitation alone at once disappears. The limiting surfaces 
which Eoche’s calculations require are so very like some of the 
sur&oes actually observed in the head of a comet, where they can 
be best seen, that it is suggested that the movement of the particles 
takes place in the precise direction where they would flow accord- 
ing to M. Soche's mathematical investigations. 

Hence we are justified in attributing many cometary phenomena 
to the fiow of matter acting under the influence of attraction and 

^ Bessel’s paper “On (he Physical Constitution of Hallo’s Comet’’ is in the 
Ocmmtaamce det Tmpa, 1840. 
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solar repulsion and in concluding his memoir Eoehe points out 
(p, 393) that the hypothesis of a repulsive force anting along u 
radius vector, and varying inversely as the square of the distance, 
and only acting on matter reduced to a state of great lenuity, gives 
figures identical with those observed. We see the germ of tlie tail 
in the part of the atmosphere the farthest removed from the sun, 
and it is easy to explain the enormous develo[iin(*nt of the emission 
of cometary particles near perihelion. M. L’ochn tlasreforu con- 
siders the existence of a repulsive force which nomiU-rbnlanws 
solar attraction established by his researches. 

It must, however, lie at once stated that much remain-H to ho 
done before all the help alforded by M. Kwlie's work can he 



FlO. 41.— M. RfWnK'HTHr/fKrritfAl.i’omilMTinWnl^TIflt A A UrHMAt\K Fnllfil 

KKINft TAXKK INTT) Af < «»l Nt, 


utilised, and there is little question that the ontfltiw in thu solar 
direction has not boon so entirely alioHshed as his figures imlicate. 
This, however, nmy to a certain extent dciHjiKl upon Urn fact that 
the observations of comets have been made at sonio distance from 
perihelion. But there may be another reason. Tlio outflow along 
the limiting surface being an outflow of solid partiolcn, the solar 
repulsion will not be effective until collisions have raclacod this 
dust to vapour. We shall still therefore have tho quast-coniool 
surface turned towards the sun, though it will ho soon destroyed. 
Many of the phenomena presented by jets and eccentric envelopes 
may be thus oaimed, and the very complicated phenomena presented 
by Ck^igia’s comet, and others in which the section of the cone 

* fle# Amoiu de POttmatoin dt Parti, vol. v. 
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presents the appearance of birds with their wings more or less 
extended, do not seem opposed to this view. 


The Details and Ov/rvatwre of the Tail. 

There can be little doubt that it is to the varying conditions 
produced by these outflows in both directions along the radius 
vector, that the various appearances put on by the axis of the tail 
are due ; thus, in Ooggia’s comet, to take an instance, the perihelion 
passage of which took place on July 8, on June 10 the axis 
was brighter than the rest of 
the tail, but by July 10 the 
bright axis was replaced by 
one of marvellous blackness, Pio.4a--osBAtooMBroFi86i,BEB»oH80THJuN8, 

wsss THB BabT^^h was ih thb Plabs of thb 

which was one of the featnies obbu. 

of the comet at that time, and this dark axis expanded as peri- 
helion was approached. 

The tail is always curved, hut if the earth lie in the plane of 
the orbit the curvature cannot 
be seen. 

The accompanying woodcuts 
will explain how the solar re- 
pulsion produces this curvature, omw b)m» o» uts Jwi 

and how the curvature will depend upon the velocity due to 
repulsion. 

Fig. 44 which I owe to M. Faye,^ represents the successive 
positions of a series of molecules emitted by the nucleus of a comet 
so as to constitute the axis of the tail. A density is imagined such 
that the repulsive force exactly counterbalances the solar attraction : 
thus their motion, solely due to the tangential velocity of the 
comely takes place in a straight line. To again simplify matters 
this rate is supposed constant, as if the orbit were a circle. 

On the first day, the comet being at C^ a molecule mO- is 
detached and subsequently follows the line n}. On the 

1 Altbongh this does not figare in Boohe’s dUgnuns, Faye gives it in his lectures 
on the “Forms of Oomets." 
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second day a molecule likewise leaves the nucleus at C^, and 
subsequently describes the tangent Similarly, on the 

third day, for a molecule and so on. If we join by a continuous 
line the series of positions occupied at the same time, the fifth 
day, by all these molecules, we shall have the 

curvilinear axis of the tail ; this will be, in this particular case, 
the involute of a circle. This construction accounts for the three 
laws which have been ascertained as the result of observation • (1) 



Pia, 44 .-“Sm(jht UBiMTimnN; OurAT OrnvATiTRr. 


the tail, at its origin, is sensibly opposed to the sun, S ; (2) the tail 
is curved backwards on its path ; (3) the axis of the tail is a plane 
curve situated in the plane of the orbit. 

If the density of these molecules were still smaller, the repul- 
sive force would prevail over the solar attraction, and the molecules 
would describe no longer straight lines, but arcs of an hyperbola 
whose convexity would be turned towards their common focus, 
S (see Fig, 45), 
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The series of points nO-, m®, emitted at C^, 0®, C®, 0®, by 
the comet, gives a curve like the former one, but with a curvature 
much less pronounced and nearer to the radius vector. 

Now the single tail we have been considering will depend upon 
the repulsive action upon molecules of similar density, and 
very small 

But suppose there are, in consequence of collisions among the 



Fio. 46.— Bbpulbion Grbatbb; thb Tail is Stbaiobtsb. 


members of the swarm, several gases given off which can retain 
their gaseous form, and suppose they are of different 
Then it is evident that a winnowing process will be set up, and 
the molecules of smallest density will be repelled with the hipest 
velocity ; and given these varying densities, we must get more tuila 
than one — one, in fact, for each representative density. 

It is here that the important work recently done by Professor 
Bredichin, the distinguished director of the Moscow Observatory, 
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comes in. M. Bredichin has shown that there are three distinct 
types of tails. In the first class the tails are long and straight, and 
the repellent energy of the sun upon the small particles is about 
twelve times as great as the energy of his gravitational attraction. 
The particles therefore leave the nucleus with a hig h velocity, 
generally about 14,000 or 15,000 feet per second. The greater 
this velocity in relation to the rate of travel of the comet, the 
straighter of course will be the tail, because the particles form- 
ing it do not lag behind. In the second type the energies of the 
attraction and repulsion balance each other, or nearly so, and the 
tails of this class are plumy and gently curved. In this case the 
particles which go to form the tail leave the head with a velocity 
of about 3000 feet per second. 

Tails of the third type are short and strongly bent, the repellent 
energy being only about one-fifth of the attractive energy of the 
sun, and the velocity of the particles leaving the head is only about 
1000 feet per second. 

Many comets exhibit tails of more than one type, and it was 
conjectured long ago that such tails were composed of different 
kinds of matter. 

Bredichin went further, and defined the composition of the 
different kinds of toils which he had classified, by referring to the 
weights of the materials which would give the relative values of 
the repulsive and attractive forces necessary for tails of the dif- 
ferent typea He thus found that the long straight tails of the first 
type would be probably formed by hydrogen, since this substance, 
on account of its exceeding lightness, would be little influenced by 
gravity, while at the same time it would be strongly acted upon 
by the solar repulsion. The second type of tails he considered 
to be due to hydrocarbons, since hydrocarbons have a molecular 
weight such, that the repellent and attractive forces of the sun 
upon their particles are nearly equal Iron, on the other hand, 
would be more subject to the action of gravity, on account of its 
greater weight, and was therefore taken as adapted to tails of the 
third type. 

We now know that all these substances do exist in comets. 
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and it is evident that much is to be leamt from a continuation of 
the in<][uiiy, but at the outset we can see that iron vapour cannot 
rema i n in space as vapour to form a tail. We know that the short- 
period comets get less brilliant with every approach to perihelion, 
and that some do not even throw out a tail i and we can easily 
ascribe both these results to the fact that after several such 
appulses the vapours liable to be driven out of the meteorites by 
heat get less and less. If this be so, we may regard a comet 
with many tails as one which for the first time undergoes perihelion 
conditions. This subject will be returned to when the spectra 
have been considered. 


The Awrcfral Gharcuster of Gcmetd Ta/ils. 

It is a feust well worthy of consideration that on many occasions 
pulsations exactly resembling those observed in aurorae have been 
observed in comets* tails. This subject is thus referred to in 
GuiUemin’s book on comets : — 

Kepler is the first observer who has made mention of the changes. 
“Those,” he says, “who have observed with some degree of attention the 
comet of 160V (an apparition of Halley’s comet) will bear witness that the 
tail, short at first, became long in the twinkling of an eye.” Several astron- 
omers— Kepler, Wendelinus, and Snell— saw, in the comet of 1618, jets of 
lights coruscations, and marked undulations. According to Father Cysatus, 
the tail appeared as if agitated by the wind; the rays of the coma seemed to 
dart forth from the head and instantly return again. Similar movements 
were observed by Hevelius in the tails of the comets of 1662 and 1661 ; 
and Pingr^ describing the observations of the comet of 1769, made at sea, 
between 27th August and 16th September, by La Nux, Fleurien, and himself, 
thus describes the phenomenon of which he was a witness : “ I believe that 
I very distinctly saw, eq)ecially on 4th September, undulations in the tail 
aimilactothosewhidi may be seen in the aurora borealis.” The stars which I 
had seen decidedly included within the tail were shortly after sensibly distant 
from it 

M. Liais has given the following account of the observations made by 
him of the great comet of 1860 ; “On the evening of 6th July, whfist I was 
observing the comet at sea, 1 saw a rather intense light from time to time 
arise in those portions of the tail that were farthest from the nucleus. Some- 
times instantaneous, and appearing upon a extension of the extremity 
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of the tail, which then became more visible, the fugitive gleams reminded me 
of the pulsations of the aurora borealis. At other tunes they were less 
fleeting, and their propagation in rapid succession could be followed for some 
seconds in the direction of the nucleus near the extremity of the tail These 
appearances then resembled the progressive undulations of the aurora borealis, 
but even in this case they were only visible in the last third of the length of 
the tail. The gleams in question were similar to those that I remember to 
have seen in the tail of the great comet of 1843, and which were observed 
by very many astronomers.” 

The American observers of Donates comet in 1858 described a 
number of brighter bands ‘‘ like auroral streamers ” crossing the tail 
and diverging from a point between the nucleus and the sun. 

May it be that these similar appearances are produced by dust 
falling through gases in one case, and gases forced through dust in 
the other ^ 
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CHAPTER XVI 

THE S?EmiA 07 COMETS AWAY 7B0M THE SUH 

Comets at Aphdion — Lowest Temferature 

It may easily be imagined that in the case of comets at a considei- 
able distance fiom the son, and therefore, as a rale, far away from 
the earth, their faint light, combined with their great distance, 
render minnte spectroscopic observations of them very difGlcalt, in- 
deed next to impossibla Hence the number of recorded observations 
is very small, and we owe all, or almost aR of them to Br. Huggins. 
In the comets of 1866 and 1867, when they were observed away 
from the sun, only one line was seen near wave-length at 500.^ In 
Chapter lY. I have shown that when meteorite dust is enclosed in a 
glow tube and experimented on at the lowest temperature, a line is 
seen in this position which, it has been found, is connected with the 
low temperature fluting of magnesium. ; 

It is probable also that one of the bands mentioned by Eonkoly 
in his observations on the Great Comet (b) 1882 (date of perihelion 

^ ‘*liL January 1866 I commnnioated to the Royal Society the Tesult of an 
examination of a small comet visible in the beginning of that year {Boy. Soo, Proe, 
Yol. 3CY, p. 6). I examined the spectrum of another small and faint comet in May 
1867. The spectra of these objects, so far as' their feebls light permitted them to 
be observed, appeared to be very similar. In the case of each of these comets the 
siiectram of the minnte nucleus appeared to consist of a bright line between & and 
F, about the position of the double line of the spectrum of nitrogen, while the nebul- 
osity surrounding the nucleus and forming the coma gave a spectrum which was 
apparently continuous ** (Huggins, Boy. Soo. Proe. vol. xvi, p. 381). 
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passage, 17th September), on 1st 
November, was this same line which 
lies at or near the position of the low 
temperature fluting of magnesium at 
600. By that date the D line of 
sodium and the carbon flutings had 
passed their maximum intensity, and 
had begun to fade out. 

The same line was also probably 
seen in Coggia's Comet by Vogel 
(III. 1874), who records a bright line 
at about 499, when the comet was yet 
a month from perihelion, and when, 
therefore, the appearance of the low 
temperature characteristic of the mag- 
nesium spectrum would be expected, 

Oarbrn Badiation, 

It is well known that comets gener- 
ally give us the spectrum of carbon at 
some time or another on their journey 
to and from the sun. The question 
arises, Is there any evidence that when 
at some distance from the sun the 
carbon phenomena observed indicate a 
low temperature ? Is the presence of 
a line which may be due to low tem- 
perature magnesium associated with 
low temperature flutings of carbon ? 

The brightest edges of the three 
principal flutings in the low tempera- 
ture spectrum are at wave-lengths 
619-7, 660-7, and 483-3, and those in 
the high temperature spectrum are 
at 616-4, 563-3, and 473-6. The two 
first flutings in each of the two spectra 
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fall pretty near to those in the other, and a considerable degree of 
accuracy, which has not in a great number of cases been attained in 
the observations of cometaiy bands, is therefore necessary before we 
can say with absolute certainty from observations of either of these 
two bands whether the spectrum is that of hot or of cool carbon. 

If, however, the fluting at 483 is present, we can be certain 
that we have to deal with cool carbon, because no hot carbon fluting 
falls near that wave-lengtL In laboratory experiments with 
easier tubes, the passage from one spectrum to the other is very 
gradual, so that it is not imcommon to have the two spectra super- 
posed, and we might, therefore, expect a reproduction of this in 
cometaxy spectra, and I have no doubt that the changes from the 
cool to the hot carbon spectrum axe answerable for many of the 
apparent discrepaiunes in different observations of the same comet. 

There is another difQculty which must not be passed over ; 
individual observations have not invariably been recorded. Ob- 
servers have usually thought it advisable to give the means of 
their several observations, and hence the differences in wave- 
length of the flutings due to the changes ficom cool to hot carbon, or 
vice versA, if they exist, cannot be certainly followed in many cases. 

A discussion of all the recorded observations at my disposal, 
however, shows that iu some comets we have distinct evidence 
of cool carbon flutangs, but, as happens with the line at X 
500, the observations recording them are comparatively few. The 
reason is probably the same in both cases, namely, that the 
temperature being low, the light is conseq^uently excessively feeble, 
and observations axe very difficult. 

We have evidence of cool carbon in Winnecke’s comet, 1868, II. 
(perihelion passive, 26th June). On the 17th June M. Wolf ^ re- 
corded three flutmgs, the wave-lengths of which, as determined by 
a curve, axe about 480, 517, and 560. These differ by almost 
equal amounts from theix equivalents in the cool carbon spectrum, 
so there can be little doubt that the comet’s i^eotrum was that of 
cool carboiL 

In another cornet^ discovered by Winnecke in 1877, cool carbon 

^ Ompte$ JSmSus, t6L Ixvl p. 1886. 
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was again observed when it was about a month from perihelion.^ 
The perihelion passage occurred on 17th April, and the observation 
was made on 15th May. Two bands were measured, one at 517 
and the other near 483. Another was also seen near 561. As the 
criterion for cool carbon is the fluting at 483, there can be no 
doubt of its identity in this case. 

Again, in Brorsen’s comet (1879), perihelion passage, 30th 
March, Konkoly^ observed three flutings at wave-lengths 482*3, 
514*6, and 560*5, the first of which coincides very nearly with the 
characteristic fluting of cool carbon at 483. This observation was 
made on 25th March. 


Comets about Mean IHstance — Second Stage of Eeai. 

When meteorite dust is more strongly heated in a glow tube, 
the whole tube, when the electric current is passing, gives us the 



Hot carbon radiation. 
Magnesium radiation 
Integrated result. 
Comet df 1880. 


Fio. 47,— Diaobam siiowino tkb BwjutT or thb Intboration or the Hot Caubon Flutibo 
AT fll7 AMO THB MAOMBBIOM FlUTINO AT 621, OOMPAREW ,1MTH COMBT <?, 1880 


fluted spectrum of carbon, and other bright metallic flutings are 
added to that of magnesium at 500. Among those metallio flutings 
which are first added may be chiefly mentioned magnesium 521, 
and manganese 558. 

Both these, as well as the high temperature flutings of carbon, 
have been seen in comets, and I now proceed to give the details of 
the observations. 

> OmmeUh Obmvations, 1887, p. 101. “ Astr. Nadir., No. 2269. 
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Magnmum Madiation 521. 

While comets at their lowest temperatures give the magnesium 
fluting at 500, as they approach perihelion to this is added the 
fluting at 521. The result when this is seen with the 517 fluting 
of carbon, which is always present^ is an apparent displacement of 
the carbon fluting to a less refrangible position, as shown in Fig. 47. 
This probably occurred in the following comets : — 


Wave- 

length. 

Name of 
Comet. 

Date of 
Observation. 

P.P. 

P.D. 

Observer. 

620-1 

620-0 

i 1880 
IIL 1881 

Oct. 7, 1880 
June 27, 1881 

Sept. 6 
Jiine 16 

0-7346 

Christie.* 

Hasaelberg.t 


* Atbnm, Soe. MonSiiy NoRus, voL zIL p. 58. t Pamphlet 


It will be seen that in each of these oases the observations were 
made when the comets were at a considerable distance flrom peri- 
hdion, when the temperature would not be very hi gh, ftlt.Tinngli 
higher than that which gives the line of magnesium at 500 in a glow 
tube. 

Ocaion Baddaiion. 

When a comet gets nearer the sun there is a change in its 
spectrum similar to that observed in llie experimental tube at the 
second stage of heat. Kot only does the magnesium radiation 
change, as we have seen, but in nineteen cases out of twenty the 
spectrum of carbon, produced from some compound of carbon or 
another, when the comet gets nearer the sun, and near enough to 
the earth to be satis&ctorOy observed, becomes most prominent. 

With these conditions, under which comets generally lend 
tbemsdves best to spectroscopic study, the spectrum consists 
chiefly, therefore, of the flutings of hot carbon. In the majority of 
cases the spectrum of a comet has not been recorded until it has 
arrived at this stage of temperature. 

The three chief flutings of hot carbon have their least refoangible 
maxima at approximately 517, 564%and474 The accompanying table 
mdioates some of the comets in which they have been observed. The 
variations in the position of the citron band will be again referred to. 













WaTO-lemidilis- 1 Fame of Coiaet. I "VVlieii observed, P,P. P. D. Observer. Reference. 
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( April 6 & 12 ) 

Band, 616, Band. Wdls’s I. 1882 . \ [ June 10, 1882 0 06076 Vogd Astr, Nachr. No. 2484. 

(Mayl2&22 ) 

471, 516, 662 Gt Comet of 1882 Nov. 6-18 . Sept. 17, 1882 0*007768 Gotbard Astr. JVaehr, No. 2716. 
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It is necessarj to state that under some conditions the maxi- 
mum luminosity of the blue band is at about 468 (Fig. 8). The 
conditions under which the band has its maximum luminosity at 
tbifl position vihm seen in Chissler tubes seem to be those of maxi- 
mum conductivity. If the pressure be high all the members of 
the group are sharp, and the luminosity of the band is almost 
uniform throughout; this always occurs when the pressure is 
very low. At intermediate stages of pressure, however, the lumin- 
osity of the band has a very decided maximum at about 468. 
This latter condition has been reproduced in many comets, though 
generally the band has been stated to ebd at 474, or thereabouts^ 
the maximum possibly having been overlooked. 

It seems probable that a detailed study of this band in our 
laboratories will enable us in the future to determine the approxi- 
mate temperature of a comet by the appearance of the band in its 
spectrum. In the spectrum of Comet &, 1881 (Observation, 28th 
June, P.P. 16th June *), Copeland states that this band had a fairly 
sharp edge at 474, and a maximum at 468. 

To measure a maximum in any band is at all times difficult — 
and extremely so in the oases of cometary spectra — and Cope- 
land says of the above comet : ** The spectrum seemed to change 
iu intensily from moment to moment like a dancing aurora 



The following table includes the above case, and gives also two 
other comets in which the blue band had the same appearance : — 


Edge of 
Band. 

|l 

'□pq 

I's 

Efame of 
Comet 

When 

observed. 

P.P. 

P.D. 

Observer. 

473 

469 

Oo||^'b III. 

June 4, 
1874 


0-6767 


478 

468 

Comet III. 

June 28, 

June 16, 

0-7846 


474 


1881 

1881 

1881 


470 

Comet IV. 
1881 

Aug. 22, 
^81 

V 

0-6811 



* Oojpemdcus, vol. ii. p. 227. t Asir. JPhys, Oha.^ voL ii. p. 180. 

t Oopmdem, voL ii. p. 227. § p. 248. 
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The Irregularities observed in the Citron Fluting of Carbon. 

It has long been known that the least refrangible band in comet- 
ary spectra shows great variation in position from the edge of the 
true citron carbon band at 564, and many of these variations have 
been attributed to faulty observation ; but this is certainly not so 
in all cases. The following, which I quote from Dr. Copeland’s 
discussion of observations on comet spectra, is important in its 
bearing upon this point : — 

We cannot omit to say a few words about the first — ^yellowish-green 
band. It is generally descnbed as similar to the two other bands, beginning 
brightest towards the red, and fading giudually away towards the violet. It 
is true the dispersive power of the instrument greatly modifies the appearance^ 
but we must say that under high dispersion we have never seen the first band 
like the others , it always faded aw^ay on both sides, and had seldom a very 
marked maximum, sometimes it had two, and i>erhaps more, and it seems to 
be the only band which shows an essentially diflerent appearance in different 
comets, and therefore deserves always a special examination. Unfortunately, 
it is nearly always the faintest band, and difficult to deal with, and only in 
Comet III, 1881, traces of what may be bright lines were recognisable ; that 
the iron lines have any connection with it is very doubtful, since E falls 
outside of it.^ 

Again Professor Young remarks — 

It is hardly necessary to say that the evidence as to the identity of the 
flame- and comet-spectrum is almost overwhelming. The peculiar, ill-defined 
appearance of the cometary hands at the time of the comet’s greatest bright- 
ness is, however, something which I have not succeeded in imitating with the 
flame-spectrum. The comet-spectrum on 26fih July certainly presented a 
general appearance quite <lifforent from that of the later observations, as re- 
gards the <lefinition of the bands. 

Other observers have also remarked this variability in the 
citron band. A discussion of the recorded observations shows 
that this variability is perfectly regular, and depends chiefly on 
the distance of the comet from perihelion. When carbon first 
makes its appearance in the spectrum as the comet approaches 
the sun, the wave-length of the citron hand agrees with that of the 

^ Oop&mmuii vol. ii. p. 248. 

* Amtr, Jounu Sd., third series, voh xxii, p, 167. 
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carbon fluting at 664. As the comet gets nearer perihelion the 
changes begin, and I now proceed to show that the irregularities 
are produced by special cases of masking due to the addition of 
the radiation of manganese or of manganese and lead. 

The addition of the manganese radiation does not take plac^in 
all comets at an equal number of days from the perihelion passage ; 
it depends upon the perihelion distance ; so that the irregularities 
in question are not observed in all comets. 


MarigaTieae Badiation. 

When we deal with the integration of the bright manganese 
fluting at 658, which fades away towards the red, and the carbon 
fluting at 664, fading towards the blue, we have as a result a band 
brightest in the centre and fading off in both directions. If both 
flutings are well developed there will be a single broad maximuTn 
extending from 658 to 664, as shown in Kg. 48. If both were 
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Hot carbon radiation. 
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Manganese radiation. 
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m 

Integrated result 


1 « 

Great Comet 1882 
(Copeland). 


Pia. 48 .— Diagbak 8BowiNa thb Bbsglx of the iMTSGBATiosr OF Hot Carbok (517) and 
Hanganbbx (568) Badiatzon, cokpabbd with the Gbhat Comet of 1882. 

rather feeble there would be two ma^dmat one at 658 and one at 
564 ; but this condition has not yet been recorded. 

In the Great Comet of 1882, when at a considerable distance 
from the sun, on 22d October, the perihelion passage occurring on 
I7th September, the broad nfifl YiTniTm condition, as shown in Fig, 
48, was recorded by Copeland. 
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This also occurred in the following comets : — 


PAST IV 


Wave- 

lengths. 

Name of Comet. 

Observer. 

Date of 
Observation 

P.P. 

P.D. 

656 
658 
556 
658 

657 

Encke’s V. 1871 . . 
Comet V. 1874 . . 

„ I. 1877 . . 
Winneckc*S5 1877 . 
Great Comet of 1882 

Vogel.* 
Konkoly.t 
Secchi t 
Copeland § 
Copeland |1 

Nov 11,71 
Sept. 7,74 
Mar. 2,77 
May 6,77 
Oct. 22, 23 

Dec. 28,71 
Aug 27,74 
Jan. 19,77 
Apr.17,77 
Sept.17,’82 

0 83287S 
0-9826 

0 8074 
0-007753 

0 9499 


* Beoh,f vol. i. p. 60. f Spect der Cometm, p 60. 

$ Ibid,i p. 61. § Mmthly Notices, vol. xxxvii. p. 432. 

11 Copernicm, vol. li. p. 241. 


Lead Radiation, 

When to the radiation of carbon and manganese that of lead 
(646 fluting) is added, three maxima are seen, as shown in Fig 49. 



Hot carbon mdiation. 



Manganese radiation. 


Lead radiation. 



Integrated result 


^ 444 


Comet III. 1881. 


FlO. 40.— DlAflRAM SROWWO THE BE8U1.T OF THE iNTBOaATIOSr OP HOT CaEBON, MANOANEBB, 
ANi> Lead Badiations, compared with the Spectruu of Comet III. 1881 . 

This condition has been recorded in two comets, as in the following 
table : — 


Wave- 

lengths. 

Name of 
Comet. 

Observer. 

Date of 
Observation. 

P.P. 

P.D. 

568, 556, 546 
561, 557, 544 

Comet 111.1881 
Comet IV. 1881 

Copeland.* 
Copeland. + 

July 27 . 
Au^st 22 

June 16, ’81 
August 22 . 



* vol. ii. p. 225. t lUd. p. 228. 











CHAPTEE XVII 


THB SPECTRA OT COMETS IMMESIATELT PRECEDIN'^ PBRTTnBLT OTT 
Mangamtt Ahaorptwn 

It has been pointed out that in the case of a comet approaching 
perihelion, manganese is first represented by the radiation of the 
fluting at 568. As the comet gets nearer to perihelion, if the 
perihe]io:ydi8tance be sufidciently small, we find the radiation of 
manganne replaced by absorption. The reason that the presence 
of the Wrongest manganese fluting at 568 has not been previously 
recorded is, I fancy, that the masking effects of one spectrum 
on another have not been present in the minds of even 
those observers who were familiar with low temperature 
spectra. 

I have obtained abundant evidence that the masking phenomena 
manifest themselves in the spectra of comets, but since there is in 
general so little continuous spectrum to be absorbed, we have 
chiefly to deal, when discussing absorption, with the masking of 
the radiating citron fluting of carbon by the absorption of metallic 
vapours. The way in which the manganese absorption shows 
itself in comets is generally by the obliteration of the red end of 
the citron fluting, which . produces an apparent shifting of the 
carbon fluting towards the more refrangible part of the spectrum. 
The way in which this comes about is shown in Eig. 60. The 
manganese absorption masks the brightest part of the carbon 
fluting, leaving a sharp edge at 568. This has been observed 
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Pt(i, r)0.--DlAaiUM SHOWINO THE RESULT OP THE InTIXIRATION OF HOT CaRBOK RADIATION AND 

Manganese Absorption, compared with Comet III. I8G8. 


in eight comets when not far from perihelion, namely — 


■Wave- 

lengths. 

Name of Comet 

Observer. 

Date of 
Observation. 

P.P. 

P.D. 

666 

Comet 11 1864 

Donati * 

Aug. 6 . 

Aug. 15. 

0-90929 

659 

Wiiincftlcc’fl II. 1868 

Huggins t 

June 22 . 

Juno 26 . 

0-781638 

558 

Tuttle’s III. 1871 . 

Vogel J 

Nov. 13 . 

Nov. 30 . 

1*08011 

659 

Eiicko’s V. 1871 . 

■^oungg 

Dec. 1 . 

Dec. 28 . 

0*832875 

557 

Coggia’s III. 1874 . 

Vogel 1 

June 7 

July 8 . 

0*6767 

656 

Wmnecke’s, 1877 « 

Copeland IT 

Apiil 18 . 

April 17 

0*9499 

659 

Palisa’s d, 1879 

Konkoly^* 

Oct. 6 . 

Oct 4 . 

0 9896 

558 

Wells’s 1. 1882 

Copeland ft 

May 28 . 

June 10 , 

0*06076 

557 

Great Comet II. 1882 

Copeland tt 

Sept, 18 . 

Sept 17 

0*007783 


* Spectra der Ooin£tG7if j>, 24. 
t Eoikk. Eeob., vol i. p. 62, 

II Mir, vol Ixxxv. p. 12. 

Astr, Na^vr , , vol. xcii p. 801. 


+ Phil, Tram,, vol. clviii, p, 666. 

§ Avuct, Jmnu Sei,, vol. iii. p. 81 
If Mmbhly Notices, vol. xxxvil p. 482. 
ft Oopmdms, vol. ii. p. 228. tt Eftd, 


'rhe result is an apparent displacement of the 564 fluting, whilst 
the 617 fluting retains its position. This is by far the most general 
case of maskmg in comets. 

D’ Arrest (Astr. Nachr. No. 2001, p. 138), speaMng of Coggia's 
comet, says: “The centre shows a bright continuous spectrum 
with some dark absorption bands." This observation was made 
on 15th June, and the perihelion passage of the comet took place 
on 8th July 1874. The statement is so indefinite, however, that 
to determine the origin of the bands is almost out of the question. 
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It is probable that one of the bands at least was due to manganese. 
The above view is strengthened by the fact that Vogel’s observation 
on 16th June {Aiir. Naehr, voL Izxxv. p. 19) gave indications of 
manganese absorption. 

There is another interesting point in connection with manganese. 
I have shown that the principal aurora line (657) is in all proba- 
bility the remnant of the manganese fluting at 658, and hence 
there is a dose relation between the spectrum of the aurora and 
cometary spectra. Professor Young recognised this relation as far 
back as 1872, but he attached no importance to it. In a note on 
Encke’s cornet^ he states that, “Although quite probably merely 
accidental, it may be also worth noting that the principal line of 
the aurora spectrum (wave-lengtli 6568) very dosely coinddes 
with the lowest (cometary) band.” 


lead Absorption. 

In other cases we have, in addition to the absorption of man- 
ganese, the absorption of the lead fluting at 646. The result of 



Hot carbon radiation. 
Manganese absorption. 
Lead absorption. 
Integrated result. 
Comet I. 1868. 


FlO. 61.— DiAGBAIC BHOWINO TBE BbSULT OF THB IkTSOBATIOK OF HOX CSABBON BADXATZON AXn> 

TEos Absorption of MANOANSsa and Lbap, ooxfarbd mm Cosnec L 1808. 


this is a much greater apparent shifting of the carbon fluting at 
664, as shown in Pig. 61. In the absence of the carbon fluting 664, 
which is not so persistent as the one at 617, we should still get 
^ Amer, vol. iii., Feb. 1872. 
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pretty nearly the same result by contrast— that is, the darkening 
due to absorption commencing at 545 would give rise to an apparent 
bright fluting at 546, fading away on the more refrangible side. 
This occurred in the following comets : — 


Wave- 

lengths. 

Name of Comet. 

Observer. 

Bate of 
Observation. 

P.P. 

P.D. 

544 

546*8 

547-4 

547*6 

Brorsen^s I. 1868 . 

Wells’s 1. 1882 

Great Comet 11. 1882 
Brorsen's a, 1879 . 

Huggins * 
Copeland t 
Copeland i 
Copeland § 

April 29 . 
June 1 . 

Sept. 18 
April 2 

April 17 
June 10 
Sept. 17 
March 30 

0 596762 

0-06076 

0-007768 

0 589 


* Hoy, JSoe, Proc., vol. xvl p. 386. f Copernicus, vol. li. p. 233. 

X Oopeniicus, voL ii. p. 237. § Monthly Notices, vol. xxxix. p. 420. 


It is important to note, as a test of the validity of this explana- 
tion, that the lead fluting never occurs without the ■ma.Tigfl.nftan one, 
otherwise we shoiild get two bright maxima, one at 564 and the 
other at 546. 

In the case of Comet III. 1881, it seems probable that both 
the first and second flutings of lead were absorbed. Copeland 
(Gopemims, vol. ii. p. 226) states that on 25th June there was a 
dark band at 5Q*I‘9. The perihelion passage of the comet occurred 
on 16th Juno, and the band was not seen in its spectrum on any 
other occasion. There can be little doubt that the band at 667'9 
was due to lead (X=5G8). The amount of lead in the comet 
was probably small, and the first band at 546 was evidently 
masked by the bright carbon fluting observed on the same date. 
The diminution in brightness of the comet as it receded from 
perihelion would account for the band not being seen after 25th 
June. 


Carbon Abscrption, 

There are a few cases in which we probably have to deal with 
comparatively feeble manganese absorption, together with the 
absorption of cool carbon masking the radiation of hot carbon. 
Here both the hot carbon flutings are affected, instead of one as in 
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the previous cases. With regard to the 564 fluting, we have the 
cool carbon absorption flutmgat 560*7, masking the second ■ma.-iriTmiTn 
of the hot carbon fluting at 564, and the manganese fluting at 568 
dimming the first maximum. The result is a band with two 
maxima as shown in !Eig. 62, one of these being at 564 and the 



Hot carbon radiation. 
Cool carbon absorption. 
Manganese absorption. 
Integrated result. 
Coggla's Comet, 187i. 


Fig, 52.— Map showiko thb Bssult of ths Imtbqbatiost of Hot Qabbon BADiATioir axd thb 
AB soBPTioxr OF Gk)OL Carbon and Makoanese, ooupareo with OoaaxjL^s Comet, 1874. 


other at 554 (the third maximum of the hot carbon flutings), the 
latter beirtg the brighter. 

With regard to the other hot carbon flutiog at 517, we have 
the cool carbon absorption maskiifg the first maximum, and we 
get the apparently paradoxical result of the second maximum of 
the fluting being brighter than the first, as shown in the flgura 

It is probable, too, that at this stage the outer layers of the hot 
carbon vapour would also begin to absorb ; this would show itself 
in the brightest least refrangible maxima. Jiist as the masking of 
^ D by the balancing of absorption and radiation gives us the green 
line of sodium in the absence of I) in our laboratories, we should 
here get the second maxima of the two flutings brighter than the 
first. This double effect on the carbon flutings at 564 and 
517 of masking by cool carbon and manganese was indicated 
in Goggia's comet when it was about a month from peri- 
helion, and in Comet III. 1881, twelve days after perihelion, as 
shown bdow — 

I 
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Wave- 

lengths 

Name of Comet 

ObseiTcr. 

Date of 
Observation 

PP. 

P.D. 

554—563 

553—663 

Coggia’s III. 1874 . 
Comet III. 1881 

Vogel * . 

Copeland + 

June IS . 
June 28 

July 8 . 
June 16 

0-6767 

0 7345 


* Astr. Haehr., vol. Ixxxv. p. 12. t Oopenneiis, vol. ij. p. 226. 


la addition to the absorption dutings of lead and manganese as 
indicated by their masking effects upon the carbon fluting at 564, 
we have indications of the absorption of the iron fluting at 615. 

In Comet Wells Vogel ^ saw on 2d J une (the perihelion passage 
occurring on 10th June) a bright fluting with its brightest edge at 
613, fading towards the blue, which he attributed to hydrocarbon. 
T in's was very probably a contrast band due to the absorption of 
the iron fluting at 615. Hasselbexg also observed in the same 
comet on 5th June a fluting with its shai'pest edge at 615'7, which 
he supposed to be the red sodium line at 615. The iron fluting 
has its maximum at 615, and fades away on the less refrangible 
side ; hence, when absorbing, it will give rise to such an apparent 
bright baud as that observed by Vogel and Hasselbeig in Comet 
Wells. 


^ Aitir. No* 2437. 
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THE SFECTBA 07 COMETS AT FERIHELIOK 

Thebe is evidence to show that when a comet amves at its 
shortest distance firom the sun, the mean temperature effects are 
exceeded; and that, speaking generally, a line- replaces a fluted- 
spectrum, and we pass from a spectrum very similar to that which 
we ordinarily get in a glow tube to one which we cannot produce 
in it until we employ the highest temperature. The spectral con- 
ditions brought about in the comets which in our time have ap- 
proached nearest to the son, have been very similar to those 
observed in the oxy-coal-gas flame ; and the recorded observations 
of the spectrum show that we are dealing with the lines of iron, 
manganese, and other substances seen at that temp^ture which, 
it may be remarked, is below that of the electric arc. 

We see in the telescope that a comet under the conditions of 
near approach to the sun, puts on the appearance of a central 
nucleus (or nuclei) with surrounding envdopes, or jets, or both. 
Because the former now falls upon one part of the slit of the 
spectroscope, and the latter upon another, the difference between 
the nucleus and the envelopes is best made out when the comet is 
nearest to the sun and earth. 

When a comet approaches very near to the sun, we get the bright 
lines, evpeeioMy in tin speetrum of lihe imdms, so that in addition 
to the long flutings of carbon (if they be then visible) we have 
short lines added along the spectrum of the nucleus in the red, 
ydlow, green, and so on; the lines characteristic of the more 
volatile substances extend some distance beyond them. 
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It does not always happen, however, that a comet gives a bright 
line spectrum while near or at perihelion, for the perihelion passage 
may occur at some distance from the sun, and then the spectrum 
will he simpler. In Comets 6, 1881 (perihelion passage, 16th 
June), and d, 1882 (perihelion passage, l7th September), the only 
lines recorded were magnesium 5; but the apparent absence of 
the other lines might be due to continuous spectrum. 

It should be noted that the greatest brilliancy and ma.YiTmTm 
of action is observed immediately after, and not at, perihelion; 
hence the temperature must be highest after perihelion. 


Maff7iesiuin Radiation. 

In cometary spectra we have already seen that magnesium is 
first indicated by the fluting at 600, and at a more advanced stage 
by the fluting at 521. There is evidence to show that magnesium 
is represented by I at perihelion. This was the case in the Great 
Comet of 1882 as observed by Copeland on 18th September, the 
day after perihelion passage ; 6 was probably also seen in Comet 
III. 1881, by Copeland* (perihelion passage, 16th June) It is 
described as a well-defined bright line standing at the edge of the 
bright green baud. 

Carbon Radiation. 

The disappearance of the flutings of carbon in comets which 
have short perihelion distances when near perihelion, token in con- 
junction with laboratory experiments, at once suggests that the 
disappearance of the flutings may be accompanied by the appear- 
ance of carbon linos. 

The principal line in the spectrum of carbon is at wave-length 
426. This has only been recorded on two occasions, in cometary 
spectra, namely, in Comet Wells. On 28th May (perihelion passage, 
10th June) Copeland recorded a bright line at 426’!, and it was 
also possibly shown in Huggins’s photograph of the spectrum of 
the same comet taken on 31st May, its wave-length being given 
» Oopemieiu, vol. li. p. 229. 
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as 425‘3. On each of these occasions other evidences of carbon 
were entirely absent, and the bright lines present in the f^ctniin 
gave indications of a relatively high temperature. 

There are several reasons why the carbon line spectrum has 
not been recorded a greater number of times. First, very few 
comets approach suMciently near the sun to attain the necessary 
temperature. Secondly, the principal line is in a part of the 
spectrum which is very difficult to observa Even in the G-reat 
Comet of 1882, which was very bright, the observations did not 
go beyond 466. 

This conclusion cannot be regarded as final until careful differ- 
ential observations of nucleus, envelopes, and jets are mada At 
present the exact part of the comet, the spectrum of which is 
described, is generally not stated; and there is evidence that, 
up to the highest temperature produced by collisions, carbon in 
some form is liberated from the meteorites composing the cometary 
swarm. 


lAiie Ahsorption oA Pmkdvyn. 

It has been seen that the first evidence of the appearance 
of absorption in comets is that afforded by the fiutings of man- 
ganese and lead, which mask tifie citroii band of carbon. The 
next indication of absorption is that of the iron fiuting at 
616. line absorption was observed in Ooggia’s comet (1874) 
by Christie, on 14th July, but he gives no definite wave-lengths 
for the lines 'seen. He says: “The spectrum of the nucleus was 
continuous; it appeared to have traces of numerous bright 
bands, and three or four dark lines also were seen on several 
occasions, but owing to passing clouds they were lost before 
their position could be determined. One appeared to be 
between D and E, another on the blue side of 6, and a third 
near E.”^ The perihelion passage of the comet occurred on 8th 
Jnly. 

There were also evidences of absorption in Comet Wells, as 
observed at Greenwich. “ Two dark spaces were seen near F ; the 
^ Qrmvjwh, 1875, p. 121. 



190 


THE METEOBITIO HYPOTHESIS 


PAET IV 


less refrangible one was measured and its wave-length deter- 
mined as 4862 tenth -metres. It therefore probably is the F 
line.”i 

Polariscopic observations have shown that part of the light 
received from comets is reflected light, and it has been assumed 
that it is reflected sunlight that is in question. Dr. Huggins, m 
his valuable memoir on the Comet b, 1881,® gives a drawing of a 
photograph showing absorption lines which he states to be reflected 
Fraunhofer lines, I have not had an opportimity of seeing the 
original photograph, and it is therefore unpossible to speak with 
confidence ; but if the drawing be exact we are not dealmg with 
reflected sunUght, for the hydrogen lines are too strong and the 
thicknesses of H and K are dissimilar. But variations from the 
solar spectmm are to be noticed in the spectrum of a Cygni, 
and I do not think it impossible that they should be repro- 
duced in a cometary swarm when near the sun. This certainly 
is one of the points to which close attention should be directed in 
tho case of those comets which closely approach the sun in future 
years 

An additional argument for this conclusion with respect to 
Dr. Huggins’s pliotogmph is the absence of ultra-violet continuous 
spectmm. As shown in tho drawing, the continuous spectrum 
appears to end rather abraptly, just in front of the group of bright 
flutings 3883. If we had to deal with reflected sunlight this 
could not possibly happen.® 

In describing the spectrum of the Great Comet of 1882,^ as 
seen on tho morning of 18th September, the day after the peri- 
helion passage, Copeland refers to dark lines which he supposes to 
be the ordinary Fraunhofer lines. Some of the bright lines ob- 

* Monihly Hotiinm, vol. xlii. p, 410, 

* Soy. Son. Pm., vol. xxxUi. p. 1. 

^ Since the above waa wrilton, Ur. Huggins lias kindly permitted me to inspect 
the photograph in question, and tho haianoo of eviilenoe is perhaps slightly in 
favour of the dark lines being due to reflectod sunlight. Still I am not quite con- 
vinood that this is tho case, as the spectrum in tho region where a Cygni differs 
most from the sun has faded, and is now too faint for a definite conclusion to be 
arrived at. 

* Copemioia, vol. ii. p. 288. 



OEAP. xvm 8PSGTBA OF COMETS AT PESIEELION 


191 


served are described as being to the redward side of dark lines. 
These are — 

Da 

647-4 
642-8 
639-5 
636-9 
632-9 
626-9 (E) 

617-6 

Besides these there were two bright bands, one at 560'1, and the 
other at 557*4, both as broad as the interval of D, which had sharp 
dark lines on their redward sides. In all probability these two 
bands were the first two maxima of the manganese fiuting at 558. 

The dark lines which Copeland saw were no doubt partly due 
to the spectrum of daylight, but some were also due to the absorp- 
tion taking place in the comet itself. The evidence for tHn 
conclusion is that some of the dark lines recorded in the come- 
tary spectrum are altogetlier absent, or are exceedingly faint, in 
the solar spectrum. Thus there are no dark lines m the solar 
spectrum to correspond with the dark lines in the spectrum of the 
comet at 547*4, 539*5, and 517*6. The lines in the spectrum of 
the comet at 526*9 (E), 532*9, 536-9, 542*8, Dj, and Dg, which also 
occur in the solar spectrum, are probably common to both the 
spectrum of the comet and the daylight spectrum. These are 
lines which would be likely to appear in the absorption spectrum 
of the comet, and hence it is highly probable that Copeland 
observed an iutegration of the spectrum of the comet and that of 
daylight. 

A comet gives bright lines at perihelion because there is an 
action which drives the vapours away from the meteorites. The 
vapours being driven away *tdth great velocity, the lines in their 
spectra are dis^daced if the resolved part of the velocity in the 
line of sight be sufficiently great. The vapours, however, would 
surround the meteorites at the moment tb^ were produced by 
the heat due to impacts, and there would therefore be dark 
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absorption lines which would not suffer displacement. The total 
result would accordingly be bright lines and flutings correspond- 
ing to them arranged alongside each other. This in aU prob- 
ability is what Copeland observed in the Great Comet of 1882 ; 
the vapours of sodium, iron, and lead were being driven away from 
the earth, the dark lines being on the more refrangible sides of 
the bright lines, while the manganese vapours were driven towards 
the earth, the dark flutings being consequently (most probably 
in a different part of the comet) on the redward side of the 
bright ones. 


The Perihelion Conditions of the Great Comet of 1882. 

As the perihelion distances are different in different comets, we 
must expect the effects to be more decided in some cases than 
others. The most remarkable case since the beginning of spectro- 
scopic inquiry was afforded by the Great Comet of 1882, most 
admirably observed by Copeland. 

It is found that many of the lines thus observed at perihelion 
are coincident with lines seen in experiments with meteorites, 
while the low temperature lines of magnesium are absent In the 
Great Comet of 1882, the lines recorded were the D lines of 
sodium, the low temperature iron lines at 6268, 5327, 5371, 5790, 
and 6024, the line seen in the manganese spectrum at the tem- 
perature of the Bunsen burner at 5396, and a line near 6 which 
m^ht be due to magnesium, or to a remnant of the carbon fluting. 
There were also four other lines less refrangible than D, the origin 
of which has not yet been determined. 

The following is a complete list of the lines recorded by Cope- 
land and Lohso ^ on the day after perihelion passage. The origins 
of the linos which my observations have suggested are also 
given — 

’ Gqpemiau, vol. ii. p. 239. 


[Table 
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Waye- 

lengths. 

Probable origins. 

Blight line 

602-8 

Iron 602-4. 

j» • 

596-3 


• 

695-3 


» • 

593-3 


jj • 

692-1 


Paint soft brightness 

690-0 


Blight . 

589-3 

Sodium. 

Bright Dj . 

588-9 

Sodium. 

Short bright line . 

679-7 

Iron 579-0. 

Broad band 

660-1 

2d max. of Mangan. 668 fluting. 

>j • 

667-4 

Manganese 668. 

Bright line 

647-4 

Lead 646*0. 

• 

642-8 


JJ • 

539-6 

Manganese 640*0. 

JJ • 

636*9 

Iron 537*0. 

JJ • 

632-9 

Iron 532-7. 

JJ • 

626-9 

Iron 526*9. 

Bright part 

620-7 

Magnesium 521*0. 

JJ • 

620-3 


A bri^tness 

517*6 

Magnesium (5). 

Soft band . 

611-6 


Bright band 

610*6 



!Fig. 53 shows the probable origins of some of the lines in the 
spectrum of the Great Comet of 1882. The horizontal line which 
runs through the spectrum repi^ents the continuouB spectrum due 
to the bright nucleus. 


The Peirihdion Conditiong of Comet WdU. 

Again, in Comet Wells almost the same phenomena were 
exhibited as in the Great Comet of 1882. In this case the peri- 
helion passage oconned under such conditions tlint. the spectrum 
of the comet could not be satis&ctorily observed on account of the 
interference of daylight. Detailed observations, however, were 
made when the comet was near perihelion and its temperature 
sufhciently high to give bright lines. On 28th May (perihelion 
passage 10th June) the spectrum was observed by Copeland, who 
noted the presence of the D lines of sodium, and other linaa at 

0 







194 


THE METEORITIG HYPOTHESIS 


pabt rv 


558, 513, 503, 467, 451, and 426. The bright line at 55 was in 
all probability the remnant of the manganese fluting at 558, and 



that at 503 the remnant of the magnesium fluting at 500. Two 
carbon flutings, 617 and 468-474, are indicated by the brightenings 
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at 513 and 467, the foimer being the second TnayininTn of the 
fluting at 517. The line at 426 is most likelj the strong Ime of 
carbon at 426, which only appears at a high tempeiatnra No 
origin has yet been assigned to the line at 451. Tig. 54 shows 
how the spectrum can be dosdy approximated to by integrating 
the lines of sodium and carbon, and the flutings of carbon, man- 
ganese, and magnesium. 

The spectrum was again observed by Copeland on 31st May,' 
when the comet was slightly hotter, and the phenomena were 
somewhat different. The following table gives the bright linea 
and bands (with their probable origins) ; — 


Phenomena observed. 

Wave- 

length. 

Probable Origins. 

A brightness .... 

688*2 


Bright line or nearly so 

626*6 


Br^t part, line ? . . . 

613*3 

Iron 615. 

» j» ... 

698*8 


Bright Dj . 

689*3 

Sodium. 

Bright Dg - 

Sh£^ bright part 

588*8 

Sodium. 

680*3 

Iron 679. 

Slightly brighter than neighbourhood . 

673*8 


A bright part, maximnin 

540*6 

Manganese 640, 

Bri^test part in green . 

612*7 

Oarbon 613.* 

Another mnTiTmiTn 

601*7 

Magnesium 600. 


* The leaeon why ve get the eeaond maximnin of the oarhon fluting without the 
flirt is explained on p. 186. 


No origin can at present be suggested for the brightness at 
573*8. Copdand only observed it on 31st May, and then noted it 
as being but '‘dightly brighter than neighbourhood.” 

Fig. 55 shows how the spectrum of the Comet, on 31st May, 
can be very dosely imitated by integrating the lines and flutings 
in the above table. 

In both cases the low temperature fluting of magnesium was 
recorded ; it probably had its origin in some cod part of the comet 
which was projected on the slit at the same time as the nudeus. 

^ Oopemieua, rol. ii. p. 2S9. 
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-Map sHO^nKG th* probablb Obioin of the Spectrum op Wells’s Comet on SSth Mat 1882 (P.P lOtli June). 
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Obiqih of ths Sebotbdm of WblleTs CoaiEi on Slsi Uaf 1882 (P.F. 10th JmieX 



CHAPTEE XIX 


SOME COMETAEY BIOGEAPHIES 

The preceding chapters will have shown, I trust, pretty clearly 
and conclusively that there are well-marked spectroscopic dis- 
tinctions which mark the various stages from aphelion to peri- 
helion. 

I propose now to show this in a different manner by dealing 
with successive changes observed in the same comet as it approaches 
or recedes from the sun. 

Cmtui Wells. 

Comet Wells was first seen on 17th March 1882, its peri- 
helion passage occurring on 10th June. During the earlier obser- 
vations, made by Vogel, Taechini, and others in April, its spectrum 
presented no feature of special interest, consisting merely of 
“faint traces of the customary three bands close to the weak, 
faint, continuous spectrum of the nucleus.” ^ At Greenwich, on 
20th May, Maunder suspected “ a dark band near D on the blue 
side of that line,” due most probably to the absorption of the 
second manganese fluting at 586, the first being masked by the 
citron carbon band. 

By 22d May, when the spectrum was again observed by Vogel, 
the comet had much increased in brightness, and “ the continuous 
spectrum of the nucleus had increased in intensity and extent, and 
was not different from the spectrum of a fixed star.” 

On 27th May, however, Copeland and Lohse noticed a bright 

^ Haseelberg, Aetr* Nachr.^ No, 2441, 
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line, so faint as to require some attention to see it, in the less 
refltingible end of the spectrum, which, by comparison on the 
following day, they identified with the D line. At the same 
time they observed a bright part at wave-length 668, due, there 
can be little doubly to the first manganese fiuting at 558. A 
■ rninriTnnm at 503 may have been due to the low temperature 
magnesium fiuting at 500. On 29th May the spectrum of 
the comet was again observed by Copeland and Lohse, and 
the identity of the bright line in the ydlow with the D line 
placed beyond doubt. On the preceding day a Dun Echt circu- 
lar had announced the discovery as follows : — " The spectrum of 
the nucleus of Comet Wells deserves the closest attention, as it 
shows a sharp bright line coincident with D, as wdl as strong 
traces of other bright lines, resembling in appearance those seen in 
y OassiopeiiB and allied stara” 

Dr. Huggins succeeded on 31st May in photpgraphiug the 
spectrum of this comet, and, as was to be expected, could detect 
no trace of the ultra-violet carbon fiuting which was seen in 
his photograph of Comet 5, 1881. The photograph, which was 
taken with a wide slit, showed five bright lines, of which no less 
than three agree fairly well in position with three lines seen in 
the spectra of meteorites. The wave-lengths of these are 4253, 
4412, and 4769, and it is interesting to note that, so far, the origin 
of these lines is undetermined. The two remaining lines are at 
wave-lengths 4507 and 4634, and no origins have yet been assigned 
to them. 

On the same day the spectrum of this comet was observed by 
Maunder, Copeland, Vogel, and others. The most complete record 
is that made by Copeland and Lohse. They observed " a bright 
part ; line (?) ” at wave-length 614*1, for which the reading on the 
following day gave 615*7. There can be little doubt that this was 
a contrast band due to the absorption of the low temperature iron 
flutmg at 615. At the same time there was a maximum brightness 
in the green at wave-length 501*7, caused most probably by the 
radiation of the magnesium fluting at 500, in addition to the con- 
tinuous spectrum. 
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A bright part, a maximum, of which the wave-length recorded 
on 31st May was 543-6, and on the following day 546-8, was due 
in all probability to absorption by the lead fluting at 546, as I have 
already explained. It was on this night (31st May) that Vogel 
first observed and identified the bright sodium line. “When I 
examined the spectrum, on 31st May,” he writes, “ I was greatly 
surprised by a line in the yellow of great intensity. Measurements 
and comparisons seemed to identify this line with the sodium line. 
Yesterday, 1st June, several measurements were made by Dr. 
Muller, Kempf, and myself, which showed an agreement of the 
bright line in the spectrum of the comet’s nucleus with the D 
lines ; considering the dispersion used, this agreement must be 
called an absolute one. The continuous spectrum extended from 
about 0 to deep in the violet. Besides the bright yellow line 
traces of bright bands were present, perhaps also some dark absorp- 
tion lines.” ^ Writing later, he describes the observations of 2d 
June thus : "The bright line was, not only in the spectrum of the 
nucleus, but also in the parts of the comet near to the nucleus, 
distinctly visible. Besides this, several more bright bands could 
be seen, which stood out more distinctly when the slit of the 
spectroscope was not directed on the nucleus itself, but on parts 
of the comet close to it.” He further states that he observed a 
bright band fading towards the blue, to which reference has 
been made above, and for which he obtained the wave-length 
613. This, we have seen, was probably a contrast band due to 
the dark it-on fluting at *615, From this date until the comet 
was lost to view no further change of note took place in the 
spectrum. 

On 2d June Vogel observed dark bands in the spectrum of 
the Cornet,^ but suggests that they might have been due to 
atmospheric absorption. He says: “The dark absorption bands, 
which are still visible in the comet’s spectrum, may probably have 
their origin in our atmosphere, the absorbent action of which, at 
the inconsiderable lieight of the comet above the horizon, is very 
powerful.” 

* Nwhr*, No. 2484. 


* im. No. 2487. 
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Again, Yogel states that dark absorption bands were pos- 
sibly present on 1st July, the perihelion passage occurring on 
10th June. Vogel’s suggestion is very important, but since no 
wave-lengths were determined, it is not possible to say how far 
it is supported by the facts. 

It might, on first consideration, be expected that the changes ia 
the spectrum of a comet as it approaches the sun can be nothing 
but continuous. The spectrum of Coinet Wells, however, was a 
case ia which the changes in the spectram were apparently dis- 
continuous. On 20th and 31st May, as already stated, dark bands 
were observed, by Mr. Maunder,^ which were in aU probability due 
to manganese absorption. Between these two dates, i.e. on 28th 
May, Copeland observed a bright part at 558 which was clearly 
due to manganese radiation. I have already shown that man- 
ganese radiation occurs farther from perihelion than manganese 
absorption. The Greenwich observation of absorption on 20th 
May, whilst radiation occurs on 28th May, nearer to perihelion, 
is therefore apparently a discontinuity. It is most probable that 
on 20th May the comet met another meteor swarm in its orbit, 
and an increase of temperature took place ; this meant manganese 
absorption, and this was what was observed. 

All the other changes in the spectrum were perfectly contmuous 
as the comet approached the sun, the perihelion passage occuning 
on 10th June. 

The perihelion passage occurred under such conditions that 
the spectrum of the comet could not be satisfactorily observed 
on account of the interference of daylight. Detailedj^servations, 
however, were made when the comet was near perihelion and its 
temperature sufficiently high to give bright lines. 

The complete discussion shows that when the lines were best 
seen (31st May), we had remnants of the fiuting of magnesium at 
600, and of the blue carbon band at 468. The line of carbon at 
426 was probably also visible, and the temperature was high enough 
for the appearance of iron. As the comet approached perihelion 
the conditions of observation became less favourable. Between 


^ Chttmeioh O&MrtnMow, 188!, p. 84. 
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5th and 11th June nothing but the D lines were recorded. After 
11th June the comet was lost. 

The Great Comet of 1882. 

The spectrum of the Great Comet of 1882 was first observed on 
18th September, a day after perihelion, by Copeland.^ 

The spectrum consisted of bright and dark lines, among which 
was the bright yellow line of sodium, several bright lines in the 
green, E, and some prominent iron lines and five well-defined 
bright lines on the red side of D. These have already been referred 
to, In addition there were two dark lines on the redward side of 
568 and 560, which were most likely the edges of the first two 
maxima of the manganese absorption fluting at 558. Ho more 
observations could be made at Dun Echt until 29th September, 
and in the interval most of the bright lines in the spectram had 
disappeared, whilst the carbon bands had made their appearance 
The D lines were still bright, but E and the other lines had 
vanished, Tliere was, however, something which is described as 
“ almost a line ” at 610'3; this, no doubt, was the iron fluting at 
61 5. The next observations of the comet were made by Vogel,® on 
the 1st, 5th, 6th, and 7th October. On each of these occasions D 
was still visible as a bright double line, in addition to carbon 
flutings. Wlien the next observation was made on 16th October 
by Hasselberg,® D had disappeared. On 22d and 23d October 
Copeland again observed the spectrum, and it then consisted of the 
three ordinaiy oometary bands ; the citron band had a maximum at 
about wave-length 507. Here manganese radiation had evidently 
commenced The later observations of Gothard* and Konkoly® 
showed nothing but the three ordinary bands. 

No observations were made after the comet had got su^ciently 
cool, to show either the cool carbon flutings or the magnesium 
fluting at 500. 

Although the observations are not perfectly continuous, there 

« OapmiMt, vol, ii. p. 287. * Mr. Naehr., No. 2466, 

> Ibid. No. 2478, * Ibid, Nos. 2472, 2716. ‘ Ibid. No. 2476. 
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ifl conclusive evidence that the reduction in temperature of the 
comely consequent on its departure ficom the neighbourhood of Ibe 
sun, was accompanied by the following changes in its spectrum : — 

18th September. Bright and dark iron lines and manganese 
flutings. 

29th September. Bright flutings of iron and carbon. 

22d October. Bright flutings of manganese and carbon. 

1st November. Hot carbon radiation. 

No doubt if further observations had been possible the flutings 
of hot carbon would have been replaced by those of cool carbon, 
and these again by magnesium 500. 


Coggia's Oomet. 

The perihelion passage of this comet occurred on 8th July 
1874, and the available observations of its spectrum date £rom 
18th May to 14th July. On 18th May Vogel ^ observed three 
bands, one of which was at wave-length 515. This was probably 
the hot carbon fluting at 517, but as the wave-lengths of the 
other bands are not given, it is not possible to come to a definite 
conclusion. 

On 18th May Vogel again recorded the three bands, the 
principal one commencing at 516*5, and having a second maxi- 
mum at 512. It is probable that these were the first two maxima 
of the green carbon band, the wave-lengths of which are about 
517 and 513. 

On 4th June, the date of Vc^’s next observation, the three 
bands were still visble. The wave-lengths are given as 562, 514, 
and 473. 

On 7th June Vogel’s observation, recording three bands at 
557, 518, and 473, gives evidence of manganese absorption, as 
indicated by the apparent displacement of the citron carbon band 
in the manner I have already explained. 

On 13th, 14th, and 15th June, in addition to the absorption of 
manganese, there was probably the absorption of cool carbon, as 
' Astr. Jfachr., Ko. 2018. 
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indicated by the masking of the second maximum of the citron 
caibon band, as I have already explained. 

D’Arrest’s observations ^ on 15th, 16th, and 17th June show 
that the manganese absorption was increasing, whilst the carbon 
was probably beginning to fade out. 

The later observations of Vogel, on 22d June, and of 
Christie,® between 3d and 14th July, are incomplete, inasmuch 
as the positions of all the bands were not determined. Vc^el 
gives the position of the green band as 515, but simply states the 
presence of the citron and blue band. Christie states that two of 
the bands were sensibly coincident with the two principal bands 
in the spectrum of carbon dioxide (probably carbon 517 and 474), 
but the position of the third band was not determined. It is 
scarcely possible, therefore, to say how far the indications of 
manganese absorption had increased between 22d Jime and 14th 
July. Christie states, however, that there was line absorp- 
tion on 14th July, six days after perihelion. I have before 
stated (p. 188) that the highest temperature effects do not occur 
until the comet is some distance beyond perihelion, and this is a 
case in point. 

As the comet approached perihelion, therefore, the. first recorded 
change was the addition of manganese absorption to carbon 
radiation; but the discussion of other cometary spectra shows 
that there was probably an intermediate stage between 4th and 
7th June, when, instead of manganese absorption, manganese 
radiation was added. A little later cool carbon absorption was 
added. Finally, just after perihelion, fluting- was replaced by line- 
absorption. 

In observations in my own observatory with a 6 J -inch re- 
fractor, 1 obtained indications that the blue i-ays were singularly 
deficient in the continuous spectrum of the nucleus of the comet ; 
and in a communication to Naiivre^ I suggested that this fact 
would appear to indicate a low temperature. 

This conclusion was strengthened by observations which I 

^ Astr. Naeh/rt^ No. 2001. 

> areenvrieh, Obsermtiont, 187S, p. 121. ’ Hmre, rol. x, p. 180, 1874, 
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made at Newcastle with Mr. Newall’s telescope. The 
of the nucleus and of the head of the comet, as obser7ed*'^«Be^ 
telescope, was of a distinct orange -yellow, and this, of course, 
lends confirmation to the view expressed above. While ten 
minutes’ exposure of a photographic plate gave no inaage of the 
comet, the faintest of the seven chief stars in the Great Bear gave 
an impression in two minutes. 

The fan also gave a continuous ^ectrum but little inferior 
in brilliancy to that of the nucleus itself; while over these, 
and even the dark space behind the nucleus, was to be 
seen the spectrum of bands, which indicates the presence 
of a rare vapour of some Mud, while the continuous spectrum 
of the nucleus and fan, less precise in its indications, may 
be referred to the presence of denser vapour or solid particles. 
I found that the mixture of continuous band spectrum in 
different parts was very unequal, and further, that the apparently 
continuous spectrum changed its character and position of maxi- 
mum. Over some regions it was limited almost to the region 
between the less refrangible banda 

I wrote at the time : “It is more than possible, I think, that 
the cometaiy spectrum, therefore, is not so simple as it has been 
supposed to be, and that the evidence in favour of mixed vapours 
is not to be ne^ected.” 


Comet III. 1881. 

The perihelion passage of this comet occurred on 16th June. 
I have already remarked that Copeland^ observed on 25th June 
a dark band at 667*9 in the Oomet, 1881, in addition to the hot 
carbon radiation. This band was probably due to lead at 568, 
the first band at 646 being masked by the hot carbon. Man- 
ganese absorption was also indicated on the same date. On 25th 
June the spectrum of this comet was photographed by Huggins, 
and the carbon B group of flutings was stated to have been 
seen, giving indications of a relatively high temperature. As the 
comet receded from the sun other phenomena were observed. 

^ Oopemime, vot iL p. 226. 
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On 27th June magnesium at 521 -was detected by Hasaelherg; 
manganese absorption was again indicated in Copeland’s obser- 
vations on 28th June, and manganese radiation on 29th June 
and 27th July. 

No observations were made on the comet after 27th July, 
or the hot and cool carbon flutings would doubtless have been 
successively recorded alone. Carbon radiation is indicated in 
all the observations that were made from 25th June to 27th 
July. 

It should also be noted that hydrocarbon at 430 was observed 
on 28th June by Copeland ; but neither before nor after this 
date was its presence recorded. The reason probably is that the 
band is too far in the violet to be very manifest. Copeland 
recorded it as “ a bright line, common to spirit-lamp and comet,” 
and hence there can be no mistake as to its identity. 


IJrormi’s Comet. 

The observations of this comet at its appearance in 1868, 
made by tSecchi’ between 23d and 27th April 1868, and 
by Huggins® between 29th April and 13th May 1868, peri- 
helion passage occurring on iTth April 1868, differ very con- 
siderably. 

Becchi observed flutings at 473, 512, and 553. The first of 
these agiues almost exactly with the blue band of hot carbon, and 
if the two other bands be shifted by equal amounts, so that the 
first one coincides with hot carbon 517, and the second consequently 
with manganese 558, we have indications of manganese added to 
carbon radiation; the description of the band, however, is in- 
sufficient to enable us to say whether the manganese was radiating 
or absorbing. 

Huggins gives flutings at positions which, when reduced, give 
464, 508, and 644 as the wave-lengths. The wave-lengths of the 
two less refrangible ones are apparently shortened, as if they were 
shifted towards the blue. It is probable, however, that manganese 
* Oljmyiw Smdvt, vol. btvi. p. 882. ‘ Bay. Soe, Pm., vol. rvi. p. 886. 
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was indicated by the observations of Huggins, for if we shift the 
band at 508 to 617, the 544 band becomes 553, which is not far 
removed from the manganese fluting. The drawing given by 
Huggins shows this as a somewhat narrow band, fading away in 
both directions, which would seem to show that there was manganese 
radiation added to carbon radiation, as I have previously explained. 
This being so, since Huggins’s observations were made when the 
comet was further from perihelion than at the time of Secchi’s 
observations, the discussion of the sequence of changes in other 
cometary spectra suggests that in Secchi’s observations we had to 
deal with the absorption of manganese. 

In a note on the spectrum of Brorsen’s comet at its return 
in 1879 Professor Young ^ refers to Huggins’s observation. He 
states that “the only special interest in this (Professor Young’s) 
observation lies in the fact that in 1868 Mr. Huggins obtained 
a somewhat different result for the same comet.” He further goes 
on to say : “ I am entirely at a loss to explain Mr. Huggins’s result. 
It can hardly be that the comet has really changed its spectrum in 
the meanwhile, and a careful reading of his account {Boy. Soe. Proc. 
vol xvL p. 388) gives no light as to how an error could have crept 
into his work ; on the other hand, every precaution would seem 
to have been tedren. However this may be, I am quite positive 
as to the accuracy of my present result — that the middle band 
of the spectrum of this comet now coincides sensibly (to a 
one-prism qtectroscope) with the green band in the hydrocarbon 
spectrum.” 

I have now shown that the spectrum of a comet is by no 
means a constant, but depends upon the distance of the comet 
from perihelion pas^ge. The spectrum is, therefore, not neces- 
sarily the same at two different returns, as Professor Young 
supposes, although it may be the same at equal distances from 
perihelion. 

It is impossible, however, to explain Dr. Huggins’s observation 
of Brorsen’s comet without assuming a shift, which is probably 
instrumental. In the &oe of this difficulty I venture to suggest 
^ Amer. Joum., rd. zvii., May 1879. 
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the above as the probable explanation of the spectrum of this 
comet. 

There are no other observations -which enable ns to further 
trace the sequence of spectroscopic phenomena in the comet at 
this return. 

At the return, however, in 1879 (perihelion passage, 30th 
March 1879) several observations were made on different dates. 
IjOW temperature carbon bands were recorded on 25th March.' 
Bredichin® made a series of observations, extending from 26th 
March to 2d April, but only gives one set of wave-lengths, as if no 
change had occurred in the spectrum of the comet during the 
interval. The observations, however, seem to indicate hot carbon 
with manganese absorption. 

An observation was made two days after perihelion by Young,® 
who observed bands near 476 and 560, and measured one at 512. 
These are probably hot carbon bands -with manganese absorption ; 
in the case of the green band at 512, the first maximum of the 
fluting at 517 was probably masked in the way I have already ex- 
plained, so that the second maximum at 513 was the brighter. On 
17th April the Astronomer Eoyol* observed cool carbon bands in 
the comet’s spectrum. 

Messrs. Copeland and Lohse® observed the comet from 16th 
April to 2d May, and give 547-6, 615-6, 469-6 as the wave-lengths 
of three bands. Of the band at 547-6 they say, “It was very iU 
defined on both sides, and being without any definite brighter part, 
its wave-length is very uncertain.” The observations made on 
10th April are not given separately, nor is it definitely stated that 
any measurements were made on that day. The apparent discrep- 
ancy of hot carbon being seen when the comet was farther from 
perihelion than when cool carbon was seen, is most probably 
another case of a comet temporarily passing through a meteor 
swarm, and thereby increasing in temperature, as was the case with 
Comet Wells, 1882, on 20th May. 

» N. von Konkoly, Aitr. Naehr., No. 2260. » Mtr. Naek-., No. 2267. 

» Anur. Jvum., vol. xvii. * HoiMv voL xxxix. p. 420. 

» im. p. 480. 
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Wmneeke’s Gomet of 1877. 

Winnecke’s comet, 1877, was observed by Lord lindsay^ on 
18th April, a day after perihelion. Its spectrom presented mnch 
the same characteristics as Oomet 11. 1868. Bands at 472‘2, 616, 
and another near 556 were observed. The strongest band was at 
516, and that at 566 was very weak. 

We, no doubt, have here another case of manganese absorption 
occurring in conjunction with hot carbon radiation, when a comet 
is near perihelion. On 5th May the spectrum of the comet gave 
every indication of hot carbon in coi^'unction with manganese 
radiation, the band observed at wave-length 658 being evidently 
due to the radiation of the latter element, since it fades away in 
both directions. 

Another band was measured at 467*9 ; this was most probably 
the carbon band at 474, which, under certain conditions, has its 
mnYinfinm at 468 instead of 474. 

On 6th May the comet was again observed. A very faint line 
was seen at 569 and another at 543. These were probably due to 
the lead flutings at wave-lengths 568 and 546. 

The apparent absence of lead in the spectrom observed on 
5th May may probably be due to the incompleteness of the 
observations on that date in comparison with those made on 
6th May. Or it may be that the greater brightness of the con- 
tinuous spectrum masked the two faint remnants of the lead fluting. 

Other bands were observed on 6th May, the hot carbon and 
the manganese radiation at 558 being olearly indicated. 

The comet was observed on 15th May at Ghreenwich * and it 
is interesting to note the change that had taken place A band 
at 517 was measured, and two others observed, one about 483 
and another about 561. Here, dearly, we have indications 
of cool carbon radiation occurring as the comet receded from 
the sun, the observationB having been made nearly a month after 
perihelion. 

* MmMy NoSeu, voL xcmi p. 480. 

P 


* Qmumrieh, ObaenaHona, 1877. 
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As the comet left the sun, then, manganese absorption was 
succeeded by manganese radiation, as we should have expected 
from what has happened in other comets, hot carbon being indi- 
cated in both cases. No further observations were made until 
nine days after the latter condition was observed, and then the 
spectrum was that of cool carbon. Doubtless there was an inter- 
mediate stage in which hot carbon might have been observed 
alone. 



CHAPTEE XX 


SXJMMABT OF THE SPECTBAL OHAHGES 

Ih the foregoing chapters we have studied the records handed 
down to us hy spectroscopic observers of comets from the very 
introduction of the new method of inquiry. It has been clearly 
demonstrated, I think, that in all the comets observed the same laws 
hold good. There are spectroscopic changes depending generally 
upon distance from the sun, but at the same time the special con- 
ditions of velocity and perihelion distance have to be taken into 
consideration. The higher the velocity and the nearer the peri- 
helion point is to the sun, the more extreme are the temperatures 
reached, and the more, therefore, are bright lines present and 
flutings absent from the spectrum. I should perhaps apologise for 
the great detail of the inquiry, but it is not greater than that 
necessary for the establishment of any biological classification, nor 
is it dissimilar in method, though vastly different in appearance. 

Before I pass on to discuss certain general questions in which 
the spectroscopic results have to be taken into acooTmt, it will be 
convenient to summarise the sequence of phenomena to which I 
have drawn attention; since carbon also plays so large a part at 
nearly aU stages, it will be convenient to refer to its spectral 
changes specially. 


Omeral Staimmt V)ith Regard to Carlon. 

The earliest Epeotroscopic observations of comets showed that 
carbon was a very important element in oometary ^ectra. Since 
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then, as we have seen, carbon has also been recorded in almost 
every comet which has been observed, although the spectrum is 
often greatly modified by the presence of other substances. The 
experiments on the spectrum of carbon which I commenced many 
years ago, but which have been temporarily discontinued, indicate 
that there are several distinct changes in the spectrum. At 
very low temperatures all compounds of carbon give a spectrum 
consisting of what I have already referred to as the cool carbon 
flutings. A higher temperature gives what I have called the hot 
carbon flutings, or carbon A. Finally we get the line spectrum of 
carbon. Another condition, which is not yet completely imder- 
stood, is marked by the appearance of a group beginning at 460, 
which I have called carbon B Associated with this are the 
groups beginning at 420 and 388, the relations of which to the 
line spectrum have already been indicated in Fig. 7. 

In the majority of cases the spectrum of a comet has not been 
recorded until it luus airived at the hot carbon condition, but in 
the oases of Winnecke’s comets of 1868 and 1877, and Brorsen’s 
comet, to which reference has already been made, we have evidence 
to show that this spectrum appeared as the cool carbon spectrum 
disappeared. 

In Wimiecko’s comet, 1868 (perihelion passage, 25th June), 
Wolfs observations on 17th June showed the cool carbon 
spectrum, as I liave already stated. This condition, however, 
did not lofst long. On 22d June Huggins’' recorded three 
bands at wave-lengths 469, 517, and 559. Nothing was noted 
near 483, the position of the characteristic cool carbon band, so 
that wo are justified in assuming that the low-temperature condi- 
tion liad changed. The 517 fluting agrees almost perfectly with 
the principal hot carbon fluting at 516'4. We have seen that the 
variability of the citron band is one of the principal features oi 
cometary spectra, the variation in this instance being due to man- 
ganese absorption (558). The band at 469 was in all probabiUtj 
the hot carbon band which begins at wave-length 474, but has itf 
maximum of brightness at about 468. It is very probable, there' 

* Phi/, Tram,, vol. dviil. p. .* 166 . 
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foie, that during the time which elapsed between the observations 
of Wolf and Huggins the spectrum of the comet had changed 
from that of cool carbon to that of hot carbon. This change is 
pieciselj what we should expect, Huggins’s observation being the 
one nearest to perihelion, when the comet was hottest. 

Again, we have distinct evidence of the change from the spec- 
trum of cool to that of hot carbon, in Brorsen’s comet (1879), the 
perihehon passage of which occurred on 30th MarcL Konkol/s 
observation on 26th March showed the characteristic cool carbon 
fluting at 483. Later observations were made by Bredichin^ 
on 28th, 29th, and 31st March, and 2d April. Eight observations 
of the citron band gave the wave-lei^h as 651*3. Three measure- 
ments of the principal green band gave 510*2 as the mean wave- 
length, and three of the blue band gave 465*6 as its wave-lengtL 
Obviously, there was no cool carbon in the comet spectrum on any 
of these dates, which are all nearer the date of pmihelion passage 
than the date of Eonkoly’s observations. It may be remarked that 
if the blue band is corrected as we have to correct the flrst green 
one to obtain the true wave-length (516*4), we obtain a wave-length 
not far removed from that of the hot carbon band, 474. The 
apparent displacement of the citron carbon band has before been 
referred to. As in the cases of Winnecke’s comets of 1868 and 1877, 
then, while Broisen’s comet (1879) was approaching perihelion, its 
spectrum changed from that of cool carbon to that of hot carbon. 

In Wells’s comely as already stated, there was, possibly, 
the line spectrum of carbon. All the detailed spectroscopic 
observations of this comet were made between 20th May and 11th 
June, the perihelion passage occurring on 10th June The comet 
gave indications of a compaiativdy high temperature during aU 
this time, so that the derivation of the line from the fluted 
spectrum of carbon, or vice versd, cannot be traced. 

In addition to this evidence of the existence of carbon in 
comets, we have further evidence afforded by Dr. Hug^ns’s 
photograph of the spectrum of Comet III. 1881,* taken on 24th 
Jun^ the perihelion passage occurring on 16th June. Besides the 

* Aslr. Jfaehr., No. 2267. * Soy. Boa, Sroe., T(d. p. 2. 
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dark line spectram to -which I have pre-viously referred, the 
photograph sho-ws three groups of apparent bright lines. Measure- 
ments of the two strongest lines in the most refrangible group 
gave, according to Dr. H-uggins, 3883 and 38'70 as the wave- 
lengths. Dr. Huggins says (p. 2) — 

The less refrangible Ime is mucli stronger, and a faint luminosity can be 
traced from it to a little beyond the second line at 3870. There can be, 
therefore, no doubt that these lines represent the brightest end of the ultra- 
violet group which appears under certain conditions in the spectra of the 
compounds of carbon. Professors Liveing and Dewar have found for the 
strong line at the beginning of this group the wave-length 3882'7, and for 
the second line 3870'6. 

I am also able to see upon the continuous solar spectrum a distinct im- 
pression of the group of lines between G and h which is usually associated 
with the group described above. My measures for the less refrangible group 
give a wave-length of 4230, which agrees as well as can be expected with 
Professors Liveing and Deirar’s measui-es 4220. 

In addition to tbe two groups of bright lines above mentioned, 
a third and fainter group between h and H is noted by Dr. 
Huggins. On the lithograph which accompanies the paper these 
lines are shown at approximate wave-lengths of 4069, 4052, 4044, 
and 4038, but no origin is suggested for them. 

Messrs. Liveing and Dewar have attributed the two groups first 
mentioned to cyanogen ; but my own researches, which are still 
far from complete, have not convinced me that this -view is correct. 
I may state, and here Messrs. Liveing and Dewar’s observations 
agree with my own, that the most characteristic cyanogen group is 
one beginning at about 461 ; and since there is no trace of this in 
the photograph, it does not seem likely that the groups seen can be 
taken as proving the existence of cyanogen. 

In a pajinr which 1 communicated to the Eoyal Society in 1880,' 
I described the two groups of lines, or rather flutings, which are 
referred to in Dr. Huggins’s paper, and I also gave their wave- 
lengths. I have since found that under certain conditions other 
compounds of carbon give lines coinciding nearly, though per- 
haps not absolutely, with the second and last members of the 
ultra-violet group, at 3873 and 3850, when the other three are 

^ Hoy* Soc, Jhroe., vol. xxx. p. 461. 
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entirely absent. I have, however, met with no condition under 
which the first two members of the group, at wave-lengths 3883 
and 3870, are as much brighter than the remaining ones, as they 
are shown in the lithograph which accompanies Dr. Huggins’s 
paper. In the lithograph also, the distance between the two brightest 
members of the group is considerably greater than that between the 
first two members of the ultra-violet carbon group, and if this fairly 
represents the photograph, the suggestion is that we have to deal 
with the two lines at 3850 and 3873 to which I have referred. 

Under the conditions at which these are produced, however, I 
have never obtained at the same time the group in the blue b^iuning 
at 4215, and we should therefore not expect to find them associated 
with each other in comets. It is also worth noting that nearly all 
the lines of this group approximate very dosdy to lines in the 
flame spectrum of iron ; we know that bright iron lines do occur 
in comets, as, for instance, in Comet Wells and the Great Comet of 
1882, and it is nearly certain that the four faint lines between 
h and H are fiame lines of iron and manganese; it is q^uite 
possible, therefore, that the blue group is not due to carbon at alL 
The group of four faipt lines is certainly not due to carbon under 
conditions which we are able to reproduce. 

Sequence of Spectral Ckomgee, 

The first visible stage in the spectrum of a comet is that 
in which a smgle line is visible; relying on the position given 
by Dr. Huggins, this may with great probability be attributed to 
the radiation of magnesium. The next is thht in which this line 
is replaced wholly or partially by Hie spectrum of cool carbon. 
The line 521, also seen in the spectrum of magnesiiun, is then- 
added, and cool carbon is replaced by hot carbon. The radiation 
of manganese (558) and sometimes of lead (546) follow. Absorption 
phenomena next appear ; manganese 558 and lead 546 being in- 
dicated by their masking effect upon the citron band of carbon. 
The absorption band of iron is also sometimes present at this stage, 
at which also the group of carbon flutings which I have called 
carbon B probably also makes its apprarance. As the temperature 
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iron appear j iihis taikes place wlien the comet is at or near peri- 
helioiL At this point the repellent action of the son upon the 
comet is most effective, and if the vapours are driven off in the 
line of sight "with sufficient velocity, the bright lines ■will suffer 
displacement A double set of phenomena wUl thus be presented ; 
there ■will be radiation lines of one ■wave-length from, the vapours 
thus driven off, and absorption lines of a different ■wave-length 
from the vapours surrounding the meteorites in the head. 

As the comet recedes from perihelion, these changes take place 
in inverse order. 

The map (lig. 56) represents the sequence which the discussion 
has sho^wn to be the most probable. The following is a list of the 
comets which most nearlj approach the conditions represented, the 
numbers referring to those placed opposite the various horizons in 
the map ; — 


13. Oieat Comely 1882 

1®* » j» • 

11. Comet b, 1881 
10. „ L 1882 . 

9. „ L 1868 . 

8. Coggja’s Comet, 1874 
7. Comet III. 1868 . 

6. „ IIL 1881 . 

6. Great Comely 1882 
4. Comet d, 1880 
3. „ IIL 1881 . 

2. Wiimecike’s Cornet^ 1868 
1. Comet L 1866 


Copland. 

9f 

HugglBS. 

VogeL 

Hiiggiiifi. 

VogeL 

Hiiggins. 

Oopelajid. 

9f 

Christie. 

Copeland. 

Woli 

Huggins. 


This complete sequence has never been observed in any sin^e 
comet, but it has been continued in some comets where it has been 
left off in others. Many comets have never been observed beyond 
the hot carbon stage, whilst others, like Wells’s comet, lutve not 
been observed below it. Again, this sequence is what we should 
expect from laboratory observations. The fdlowing table shows 
the sequence of the different spectra in a few cases, and it will be 
seen that in each one^ so far as tlie observations go, the different 
bands appear in the foregoing order : 
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In the case of Enoke’s Comet, 1871 (p.p, 28th December), as the 
comet approached peri hel i o n, hot carbon radiation was succeeded 
by the int^rated radiations of hot carbon and manganese, and 
this again by the integration of hot carbon radiation and manganese 
absorption as shown in Fig. 57. 



50 ^ 



Not. 8 

' 1 

1 

Hot carbon radn. 

.,11 

11 1 

1’ 

Hot 0 radiation + 
Mn radiation. 

Dec. 1 1 

i 1 


Hot G Tadiation+ 
Mn absorption. 


Fio. 67 .— BhomCs Comet (P.P., 28Ui Deo. 1871). 


The slight variations, as shown in the positions of the green 
band (517), are assumed to be due to errors of observation. As I 
have already explained, the apparent position of the blue band 
depends upon temperature, the point of TnaTimnin luminosify 
varying between 468 and 474. 

The case of Comet IIL 1881 (Fig. 58), is a little more compli- 
cated, but the general result is the same, namdy, that radiation- 
succeed absorption-phenomena as the comet recedes &om peri- 
hdion. Twelve days after perihdion passage the spectrum of the 
comet consisted of the integrated spectra of hot carbon radiation, 
and the absorption of cool carbon and manganese, as indicated by 


Comet III. (P.P., IStli June). 


July 27 


June 28 


^1 f+4 

il ' 


Hot C+Mn+Pb 
(ladiation). 

Hot 0 (radiL)+Mii 
+cool 0 (absxL) 


Fio. 66.»Duobax showmio thb Sraoxaux of Cknux IIL 1881, ow 28tli Juhb aitd 2Wih Jtot, 
anowivo toat Amokpsiov ooouits hbaw to FaaiaxLxosr than Bapiatxov. 


the masking of the second and the dimming of the first maximum of 
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the citron fluting (see Fig. 58). A month later still, the absorption 
bands disappeared, and the spectrum of the comet consisted of the 
integration of hot carbon, manganese, and lead radiations. On 
both occasions the blue band had a maximum at 468. 

In the Great Comet of 1882 we had, as it cooled, a good ex- 
ample of the passage of the spectrum from that of Tnauffluese and 
hot carbon radiation to that of hot carbon alone. The spectrum 
recorded by Copeland on 22d October showed the first condition. 


Great Comet of 1882 (P.P., 17tli Sept.) 



Hot cai'bon radn 
Hot C+Mn radi 


Pio. 60.— Diagram kbowino tub SrucruuM of tiu! Ghcat Combt of 1882 at dippbebnt Dates. 


and the observations of Gothard between 1st November and 18th 
November showed the second (see Fig. 59). 

This sequence may not have been apparent in some comets for 
two reasons : in the first place, a complication is introduced by 
the unequal displacements of the bands at different times, due to 
motion in the line of sight which is variable, and is sometimes 
very great. Many apparently faulty observations are probably to 
be accounted for in this way. 

Again, different observers may not have recorded the spectrum 
of exactly the same part of the comet, though in general it may be 
assumed that the brightest part will have been examined. There 
must be regions of different temperature in the same comet, 
and, from what I have already shown, the spectra of different 
portions will vary considerably. One part of the comet may give 
hot carbon-, whilst another may give cool carbon-radiation. The 
wave-lengths of .the bands seen in the two cases would differ, and 
tlie results wouM'lpparently disagree. In future observations, 
therefore, it is very important that the exact portion of the comet 
examined should be carefully recorded. 



CHAPTEE XXI 


COMFAJEOSOIf OF THE SFECTBA. OF COMETS AND AESOSiB 

When the spectrum of the aurora was considered in Chapters YIIL 
and IX., it was pointed out that there was strong evidence that these 
phenomena were produced by dust brought into our atmosphere 
by falling stars. We hare now arrived at a point which enables 
us to test how far this view is supported by a comparison of the 
spectra of auxorss with others now generally acknowledged to be of 
meteoritic origin ; for it is now generally agreed that comets are 
nothing more than swarms of meteorites travelling in orbits round 
the sun. 

When we thus compare the spectra of aurorae and comets, we 
find that although the two phenomena are apparently so different, 
the spectra have yet a remarkable resemblance. For the purposes 
of such a comparison, it is dear that we must only take the most 
general list of auroral Hues, for the reason that a comparatively 
small number of lines and fiutings has been generally recorded in 
comets, the bright comets of 1882 being brilliant exceptions ; it 
would obviously be misleading to take the long list of lines given 
by GyUenskibld. 

In making this comparison, it must be remembered that the 
vapours produced in the heads of comets are subjected to repulsion 
1^ the sun, so that the conditions of comets and aurorse are 
vastly different 

During the passage from aphelion to perihelion the temperature of 
a comet gradually increases, and we have found that the spectrum 
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changes with it. W e have also seen that the observations suggest that 
in all probability aurorie are of varying temperature, ie. that the elec- 
tric tension varies from aurora to aurora; and it is only fair, there- 
fore, that we should compare individual aurorae with individual 
comets. First of all, however, I give the comparison in its most 
general form. 


Comets. 

AURORiB. 



§ 
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Piobable 
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"s © 





Great 


origin 

Probable 
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ff, 1S80, 


I ^ 

III ISBl, 

Comet, 

Lines 

of lines 
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It win be seen that the ware-lengths of lines given on the 
same horizon are not always the same, but this only happens 
when there is evidence to show that they have the same origin. 
For example, in Winnecke’s Comet, 1868, 1 have placed 517 on 
the same horizon as 519 in the aurora, although it is nearer to 
516 ; this is because the presence of the characteristio cool carbon 
fluting at 483 shows that we have to deal with the cool carbon 
fluting at 519 and not the hot carbon fluting at 517. In this case, 
therefore, 517 is in aH probability an error of measurement for 
519. 

The comets given in the tables are not the only ones which 
show coincidences with auroral spectra, but are simply selected as 
typical cases. 

It will be seen that many of the lines given appear both in 
comets and aurorae. The chief coincidences are those of hot and 
cool carbon, hydrocarbon, the flutings of magnesium at 500 
and 521, the manganese fluting at 558, and the lead fluting at 
546. AH these are the flutings seen flrst as the metals are 
volatilised. There are also apparent discrepancies, the discussion 
of which is left for a future chapter. For example, hydrogen 
lines occur in aurorse, but not in comets, and the flutings of carben 
at 661 and 564 occur in comets but not in auroras ; the lines of 
sodium and other substances are also special to comets. These 
differences may generally be ascribed to differences of temperature 
and the masking effects of one spectrum upon another. It may be 
urged by some that the coinoidences are only rough ; this is per- 
fectly true, but I must again urge that this is only a reeomamcmee, 
and that the observations are of great difficulty. Dr. Huggins has 
stated that in such observations, if they agree to the second figure, 
it is “ as well as can be expected,” ^ and we have many agreements 
to the third in the table. 

We next pass to the comparison of individual observations of 
auroral with cometary spectra, of which a few typical oases ere 
given. The flrst five were observed by Gyllenskidld * in 1882-3. 

* So]f. Soc. JProe,, rol. xzidiL p. 2. 

* ObsenaMonB/attea m Ca/p, Thondm, vol. it p. 1. 
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AirnoRa:. 

Comets. 

Gyllenskiold, Dec 23 

Comets, 1866-67, Huggins. 

499-2 

500 

„ Jan. 12 

Comet cZ, 1880, COiristie. 

620 

520 and two others 
not measured. 

Jan. 12 

Brorsen’s Comet, 1879, Copeland. 

625-9 

. . 

546 
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... 
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Winnecke’s Comet, 1877, Copeland. 

558 

556 

537*3 

• « 

530*4 


612-2 

516 

504-6 


493-7 

• • • 

470-3 

470 

Jun. 12 

Winnecke^s Comet, 1868, Huggins, 

625*9 

... 

... 

560 

517*8 

517 

480*3 

480 

470*5 

. , 

463*7 

... 

Lomstroin 

Wells's, 1882, June 10. 

« • t 

5895 

« * < 

5889 

557 

658 

525 

... 

to • * 

516 

499 

500 

469-471 

468 

426 

426 

411 

... 




OBAF. ZXI 


8PE0TBA OF OOMETS AND AUBOBJE 


226 


The spectrum of the aurora is therefore very similar to the 
spectra of acknowledged swarms of meteorites, and the view that 
it is produced by meteoritic dust in our atmosphere is thus greatly 
strengthened. The near coincidences, therefore, between the prin- 
cipal ii'Tiaa of the spectra of aurorae and of comets, and those in the 
spectra of meteorites when observed at a low temperature, suggest 
a common origin. This is already conceded in the case of comets 
and meteorites. 


Q 



SECTION IV— OEIGIN OF COMETAEY PHENOMENA 


CHAPTER XXII 

Tine LIGHT OF COMETS DUE TO COLLISIONS 

OW Ideas as to tJie LmninosUy of Comets 

It is not, I think, strnimng the facts too much to state that the old 
idea of the origin of a comet’s light was that the head itself was a 
dark body illuminated by the sun — the dark body, globular like the 
moon, being soimitimes big enough to show phases, — and that the 
tail and envelopes also owed their luminosity to solar light. 

Douati’s early spectroscopic observations, which proved a self- 
light in comets, of course rendereil the above view untenable as 
accounting for the total light. 

When spectrum observations multiplied, and it was seen that 
considerable changes took place, the light was then ascribed to the 
glowing of gases volatilised out of the head of a comet by the 
rapidly increasing action of solar heat upon it as perihelion was 
approached. 

But, as I have shown, oven before Bonati’s observation, Eeichen- 
bach in 1868 ascribed the luminosity of comets to collisions of small 
meteoritic particles. I Ic pointed out that the chondroi of meteorites 
indicate a condensation of innumerable small bodies such as 
produce the phenomena of falling stars, which the discoveries of 
Schiaparelli some years afterwards connected with comets. He 
showed further that tliis indicated “ a state of unrest and impact 
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from all sides,” that “the chondroi have maii 7 times suffered 
TnoATianinnl violence,” and that in comets we have precisely the 
cnT id i>i»"a under which such forces could operate. Beiohenbach, 
arrived at one hound at a conception of the state of things 
which I hope to show exists in every comet ; although long after- 
wards such authorities as Schiaparelli and Newton held that the 
of a comet was simply the largest member of a swarm. 

In 1879 — twenty-one years afterwards — Eeichenbach’s view 
was revived by Professor Tait,^ who pointed out that if we suppose 
a comet to consist of individual meteorites in motion along approxi- 
mately elliptic orbits, described in something like equal periods in 
any plane passing through or near their common centre of inertia, 
collisions must occur. 

It was next supposed that the group, as Boche had suggested, 
was subjected to a sort of tidal disturbance by the sun, the homo- 
geneous fluid of Boche’s hypothesis being replaced by a meteoritie 
swarm. Under these conditions also collisions would arise. 

Professor Tait, in his calculations, assuming that the head of a 
comet is a swarm of meteorites or stones, varying in size ffom a 
marble to boulders 20 or 30 feet in diameter, shows that many 
oometary phenomena may be explained. 

First, with regard to the masses of the comets. The total 
wiasa of a comet cannot be very great, for, as we have seen, no 
measurable disturbance of planetary orbits has been known to be 
produced, and this small mass is just as likely to be due to scattered 
Eblid masses as to one continuous gaseous mass, end indeed we 
know that this is so. In the case of comets of but small masses 
the component meteorites would be small and far apart. Then 
with regard to the transparency of the comet, it is calculated that 
a meteorite 25 feet in diameter at a distance of half a million miles 
ffom us could not totally eclipse a star of tiie same size as our sun 
even if it were at such a distance as to be bardy visible to the 
naked eye. Again, if some of the meteorites were large enough to 
eclipse the stars behind the cornet^ the eclipse would be of very 
brief duration, and we should see the star as if nothing had hap- 
^ JEdin, Boy, Soc. iVoe., 1879, voL z. p. 867. 



228 


THE METEORITia HYPOTHESIS 


PART IT 


pened. To enable the comet to reduce by one -tenth the light 
of a star seen through it, it -would require to be 300 miles thick, 
supposing the stones to be 1 inch cube and 20 feet apart. 

While the swarm which builds up the comet is coursing round 
the sun as a whole, the indmdual members will themselves 
gravitate towards each other ; and if we suppose the whole maan 
to be that of the earth, and the meteorites to be uniformly 
distributed in a sphere 20,000 miles in diameter, those coming 
from the outside to the centre of the group would have a velocity 
of about 500 feet per second. The stones colliding will generate 
heat, and some gas will be evolved ; some members of the mgss 
will be quickened, while other constituents of the mass will be 
retarded in their motion, and in this way we have a probably 
sutfioient explanation of the various forms which the telescope has 
revealed to us. And then, finally. Professor Tait goes on to show 
that the result of these collisions would be such a smashing-up of 
the constituents of the swarm that much finely attenuated material 
would be left boliind, sulficient to reflect sunlight, and to give rise 
to the phenomena of the tail. 

If in tlio imaginary swarm the mass of each stone be 100 
lb., and its velocity, duo to attraction, be 500 feet per second, 
the heat residtiug from the impact of two of them would be quite 
sufficient to volatilise a portion, and to make the outsides of the 
stones white-hot Stones of tins weight would be about 10 inches 
cul)(?, and in the swarm considered them would therefore be about 

130.000. 000.000.000.000.000 of them. At the rate of one collision 
per second, tliere being about 31,430,000 seconds in a year, there 
would bo a possibility of one collisionper second for 2,150,000,000,000 
years. There would therefore be material for such collisions for a 
period of over 2,000,000 years even at the extravagant rate of 

1.000. 000 per second, and on the assumption that no stone comes 
into collision with another more than once. 

The whole mass being earth, and the space 

occupied being 250 times that occupied by the earth, the stones in 
question being 10 inches cube will only occupy about of the 
space through which they are distributed; the average distance 
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apart would be about 17 feet. The swanu would reflect about 
half as much sunlight as a slab of the same material in the same 
place, but it would probably be too opaque to transmit starlight. 
By malriTig the stones larger, and thus increasiug the distances 
between them, the luminosity would be retained, while at the same 
timfl the swarm would be sufficiently transparent. It thus seems 
to suit the hypothesis better if we regard the separate stones to be 
greater than 10 inches cube. 

It will be seen that though Professor Tait shows effective causes 
for collisions, he ends by demanding stones larger than those 
associated with the meteor swarms with which comets have been 
connected or considered by Beichenbach ; and he ascribes the whole 
of the lumiuosity of the tail to reflected sunlight It is important 
to remark also that Professor Tait deals only with those collisions 
produced among the members of the swarm. 

It is not too much to say that it is now generally agreed that a 
comet is a swarm of meteorites, each meteorite being on an average 
far from its neighbours. This result, indeed, might have been 
anticipated £rom considerations based upon the known large volume 
and slight masses of comets ; the latter are so small that they have 
never been known to appreciably disturb any of the planets, or 
even the satellites, by their gravitational attraction. 

In 1767 Jupiter and his satellites were entangled in a comet, 
yet the satellites pursued their courses as if t^ comet had no 
existence. The comet itself however, was thrown entirely out of 
its course by the gravitational influence of the enormous mass of 
Jupiter, and its time of revolution changed from a long period to a 
short one of five and a half years. 

Biela’s comet, first seen in 1826, appeared as a double comet in 
1845. The extreme lightness of the two portions was shown by 
the fact that their mutual attraction was imperceptible, and that 
each performed its revolution independently of the other. 

The mass of individual comets probably never exceeds of 
that of our globe. The meteorites composing them must therefore 
be very far apart, seeing that this small mass is distributed through 
spaces millions of miles in extent. 
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If this be conceded, it is fair to assume that a comet’s luminosity 
is to a large extent produced by collisions of meteorites. 

It is certain that one of the principal causes of the increase of 
temperature of a comet during its approach to perihelion is the 
increased number of collisions due to the greater tidal action which 
takes place. Hence the larger the swarm, the greater the difference 
between the attractions of the sun upon opposite sides of it, and 
therefore the greater the disturbance set up. Also, the shorter the 
perihelion distance, the greater fraction of it is the diameter of the 
swarm, and the greater therefore the differential attraction. 

To consider tliis question further, let us define the collisions 
due to the movements of the individual members of the swarm 
round their centre of inertia, and those superadded by Eoche’s tidal 
action, as iniemd euUmo/ifi. 

If all the heat of a comet is produced by such internal work, it 
is clear that the temperature of the comet will depend (1) upon the 
velocity of orbital motion of its constituent meteorites, (2) upon 
the size of the swarm of which it is composed, and (3) upon its 
perihelion distance ; it will piuctically be independent of the 
velocity of the comet in its orbit round the sun. 

If the luminosity be due entirely to internal collisions brought 
about by the inoreaso of sokr action, then large comets, or those 
beat visible, should begin to bo brilliant long before smaller or 
more distant ones. But this does not seem to be so, Mr. Hind has 
pointed out that proximity to the earth is not so important a condi- 
tion for visibility of a comet in the daytime as close approach to the 
sun {Nature, vol x. ]». 286) ; and M. ?aye is the authority for the 
statement that no comet has boon seen beyond the orbit of Jupiter. 

It if) ashnivilly not oii acudunt uf tliuir suiallnesB that they thus escape 
our notice in regions where the most distant planets, Saturn, Uianus, and 
Neptune, ehine so clearly with the light which they borrow from the sun j 
this is becattsB the rare and nebulous matter of comets reflects much less 
light than the solid and eoinpict surfaces of the planets of which we qpeak, 
much less even tlian the smallest cloud of onr atmosphere. 

On the latter part of this quotation it may be remarked that it 
is not necessary to assume that comets at a great distance from 
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the sun, any more than nebulae, are visible by means of reflected 
light. 

While some comets at perihelion give such high temperature 
phenomena produced by collisions as were observed in Comet 
IIL 1881, Wells’s Comet, and the Great Comet of 1882, 
others, like Winnecke’s Comet, 1868, give only the spectrum of 
carbon. 

These differences are what we should expect &om the known 
perihelion distances ; and it must be understood that the four stages 
into which the different d^rees of activity in a comet have been 
divided in the preceding chapters are those which occur in one 
with a short perihelion distance. In comets with a long one, 
perihelion effects may only be equivalent to mean-distance effects 
in comets with short perihdion distances, as the conditions for 
violent internal collisions are lacking. 

I have prepared the following list of the perihelion distances of 
the comets which have been discussed, the distances being given in 
terms of the astronomical unit, derived from the data given in the 
Annuawe du JBweau des Longiiudes. The date of observation, 


Name of Comet. 

Perilieliou 

Passage. 

P. 

Distance. 

Reference. 

Comet IL 1864 . 

Aug. 

16, 1864 

0*90929 

Aumiamt Bwteau des Long, 
1885, Pl 199 

Broraen . . . 

AprH 17, 1868 

0-696762 

1874, p. 100 

»» ... 

March 30, IS'/O 

0*689892 

1883, p. 240 

WimieckeIL1868 

June 

36, 1868 
10, 1871 

0-781638 

1874, p. 100 

Comet L 1871 . 

99 

0*6543 

1883, pw 210 

Tuttle’s . . . 

Nov. 

30, 1871 

1*03011 

1883, p; 240 

Encke .... 

Dec. 

28, 1871 

0-332876 

1874, p. 100 

Comet IV. 1873 . 

Sept 

10, 1873 

0-7940 

1883, p. 216 

Coggia’s, 1874 

July 

8, 1874 

0-6767 

1884, pu 262 

Comet V, 1874 . 

Aug. 

37, 1874 

0-9826 

1883, p. 221 

Comet L 1877 . 

Jau. 

19, 1877 

0-8074 

1883, p. 222 

WinneckeIL1877 

April 

17, 1877 

0-9499 

1883, p. 223 

Comet d, 1879 . 

Oct. 

4, 1879 

0-9896 

1883, p. 227 

Comet IIL 1881 . 

June 

16, 1881 

0-7346 

1884, p. 252 

Comet WellB . . 

» 

10, 1882 

0-06076 

1884, p. 258 

Qt. Comet, 1882 . 

Sept 

17, 1882 

0-007763 

1884, p. 262 
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perihelion passage, and perihelion distance are stated for each 
comet in the various tables which precede. 

Mstemal Collisions. 

But it is not unnatural to suppose that a meteoritic swarm 
moving tlu’ough space and ploughing its way through a meteoritic 
plenum will encounter other meteorites, and from this cause the 
number of external collisions will depend, in the first place, upon 
its size. If the earth, some 8000 miles in diameter, encounters 
400,000,000 daily, a comet as laige as the sun, as some of them 
are, will naturally encounter an enormous number. 

But the visible effect will depend also to a large extent on the 
comet’s velocity, which will be the greater as the comet is nearer 
to perihelion. 

Whether the meteoritic plenum is of constant density, or whether 
its density increases gradually towards the sun, the effects of ex- 
ternal work will constantly increase towards perihelion. It must 
also be added that if we assume that the increased brightness 
of comets as the sun is approached depends entirely on collisions 
with meteorites external to the .swarm, we must conclude that such 
meteorites exist much more closely packed nearer the sun. 

lloncc if the possibility of extenial work be conceded, the equal 
or unequal distribution of the masses which a comet encounters 
can ho tested by the phenomena observed. 

Wo know that meteorites are scattered through space, and here 
and there arc gathered into swarms. If any oometary collisions 
are due to external meteorites, it is only to be expected that at 
times a comet will meet with such swarms just as our own planet ' 
docs, aud in that case its temperature aud brightness would be 
suddenly increased by tlie collisions which would occur. The 
increase of tempemtura would depend, as before stated, upon (1) the 
dimensions and density of the swarm, and (2) upon its velocity. 
The larger and denser the swarm the more collisions would be 
likely to occur, and the greater the velocity of the comet the greater 
the amount of kinetic energy available for transformation into heat 
energy. 
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Bat we sliaU not only get sudden increases from this cause : 
there must be a gradual increase as the comet increases its velocity. 
Is there again any means of disciiminatiog ? I tbinlr there is; 
such collisions would chiefly affect the part of the comet in 
advance at the time. 

There is evidence of both these actions. 

The discussion of the recorded observations shows that, in 
addition to a constantly iucreasiug action w|ich taJres place in a 
comet during its approach to perihelion, there are at timAH tem- 
porary increases in temperature. 

Professor Herschel ^ has called attention to a remark by Sohiapar 
relli that more than one instance of variability has been observed 
in comets ; the two portions of Biela’s comet presented a remark- 
able example of this at the last return, when interchanges of 
brightness were observed between them. It may also be added 
that when this comet was first discovered to be periodical (in the 
year 1826), it was found to be identical with one observed in 1772 
and 1805, having accordingly escaped obseirvation during two 
previous returns in this and the last century, probably in con- 
sequence of variation in its light. 

Sawerthal’s comet; 1888, which' increased in brightness by 
three magnitudes in two days, is a case in point.^ Unfortunately 
no spectroscopic observations were made, or no doubt the effects of 
the increased temperature upon the spectrum would have been 
apparent 

The spectroscopic observations of Comet 'Wells seem to show 
that this comet also passed through at least one swarm during its 
revolution. An observation at Greenwich, on 20th May, recorded 
indications of absorption, which I have shown to be special to 
high temperatures in comets. Between that date and perihelion 
passage (10th June) the|e were evidences of a lower temperature. 
I am not aware of any observations recording an increase in 
brilliancy of the comet on 20th May, but if they do exist, they will 
obviously strengthen this view. 

1 Lmninons Meteors OomxDitWs Report, 1878, p. 898. 

B NtOim, voL xszYiiL p. 268. 
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Perhaps the case of greatest importance, however, is the Great 
Comet of 1882. At perihelion this comet was only 300,000 miles 
from the photosphere of the stin, and it was practically as bright as 
the sun itself. Mr. Finlay, at the Cape, followed the comet until 
it apparently rushed into the sun. That a comet should be able to 
pass within so short a distance of the sun without suffering entire 
disruption has been used as an ailment against the existence of 
an extended solar corona. My own view of the case, however, is 
that the evidence aiforded by this comet of the existence of a 
meteoritic solar atmospliero is most conclusive. 

That it would be impossible for a comet to pass through a 
gaseous atmosphere is proved by our terrestrial experience with 
falling stars ; but if the regions far above the sun’s photosphere are 
constituted as I have suggested,^ we should expect a transcendental 
clashing effect, but no change in the orbits of the meteorites which 
were not engaged. 

I would submit, ‘therefore, that the immediate cause of the 
enormous increase in lirilliaucy of the comet, which enabled it to 
be ohsorved close to the sun’s disk, was the increase in the number 
of collisions which took place l)etwoen the meteorites of the comet 
and those which occupy the outer cooler regions of the sun ; not 
only does this event demonstrate the existence of an outer solar 
atmosphere, therefore, but it also points to its meteoritic nature; 
the meteorites there being probably formed by the condensation 
of metallic and other vapours, exactly in the same way as we have 
snow an<l raindrojis in oiir own atmosphere. Observations by 
Messrs. Finlay and Elkins, before and after perilielion, showed that 
the comet was not perceptibly retarded by its adventure, which is 
(luite consistent with my view, since collisions between individual 
meteorites would not retard the motion of the comet as a whole. 

Another case of considerable interest is the Pons-Brooks comet, 
1883-84. At its last return this comet was first observed, by 
Mr. Brooks, on 1st September 1883 ; it passed perihelion on 25th 
January, and was last seen on 2d June 1884 It was distinguished 
by its sudden fluctuations in biilliancy, which no doubt were 
* JSW. Pfac.t voL xl. pr 357. 
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caused by its iuteisection with other swarms. On 21st September 
it was observed by Mr. Chandler at Harvard as a faint nebulosity 
with a nb'gbt. condensation. On the 22d it was represented by an 
apparent star of the eighth magnitude, according to the observations 
of Schiaparelli,^ the luminosity having been augmented eight times 
within a few hours. In a short time the comet again appeared as 
a nebulous disk. The rapidity with which the comet cooled 
demonstrates that only small masses could be in question. This 
took place whilst the comet was no less than 200,000,000 miles 
from the sun. On 15th October there was a similar occurrence in 
the same comet, and again, a more decided one on 1st January. In 
the latter case, in less than four hours,^ the comet had become an 
apparent star, and again assumed the cometaiy form. 

In these cases, then, we have evidence that the irregular 
luminosity of a comet depends first upon its distance from the 
sun, and secondly upon the distribution of other swarms along its 
path Hence we have not only to consider the increased activily in 
a comet due to its approach to perihelion, but we have also to take 
into account the possibility of its passing through other swarms of 
meteorites during its revolution. 

Such variations, however, would be more likely to be observed 
in the tails in consequence of the enormous dimensions of some of 
them. Such variations have been observed from the time of Hepler. 
The fact that these variations so strongly resemble at times auroral 
displays is an additional argument in favour of the meteoritio origin 
of the latter. 

As a rule, the tail increases very quickly and considerably in 
length c^/ier perihelion passage. Thus Coggia’s comet of 1874 in- 
creased from 4” to 43^” from 3d to 19th July, or from 4,000,000 
to 26,000,000 of miles in length.’ This effect is precisely what 
we should expect if we assume that the tail is fed by vapours due 
to collisions, for at perihelion not only will the tidal action, and 
therefore the interior movements, be greatest, but it is probable 
that collisions with meteorites external to the swarm will here be 
'more frequent. 

* A«fr. Ntxehr., Ho. 2653. 


» im. 


* Naimre, vol. x. p. 262. 
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I would suggest that the crescent first observed when the comet, 
far away from perihelion, first loses its planetary-nebula form, is 
due to impacts from without, most effective on the front part of the 
swarm. This is not a sudden but a constantly increasing effect due 
to external meteorites, and is only lost when the tidal action entirely 
overwhelms it by the more violent internal collisions produced. 

Another result, of a different order, produced by a comet moving 
through a meteoritio plenum would be the gradual shortening of a 
comet’s periodic time as the result of collisions, and this shortening 
should n.ot be absolutely regular, as in a homogeneous gas, for the 
reason that the meteorites it may meet with are not equally dis- 
tributed. 

That there is such a ahortouing was proved by TUTinVo for the 
comet which bcai-s his name, and that there are irregularities the 
following table will show. Planetary perturbation will account for 
some of them ; the question is, Does it do so for all ? 


JHelurnu nf JSneh’s (Imtid, shomwj Hedwed Period of Beoolution. 






Observed Peiiod 
of Kovolution. 

Bifierence. 





days. 

hrs. 

mius. 

hra. 

mins. 

From 1780 to llircKi timfjs 

1212 

15 

7 

3 
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1212 

12 

0 

11 

31 
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1212 

0 

29 

4 
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1810 

It 

1822 

1211 

16 

60 

2 

38 
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1825 

1211 

13 

12 

2 

38 


iHun 

tt 

1829 

1211 

10 

34 

2 

53 


1829 

V 

1832 

1211 

7 

41 

2 

24 


1832 

ft 

1835 

1211 

6 

17 

2 

39 

»» 

1H3R 

ft 

1838 

1211 

2 

38 

3 

7 

$9 

1838 

It 

1842 

1210 

23 

31 

2 

24 

ft 

1842 

it 

1845 

1210 

21 

7 

2 

38 

ft 

1845 

It 

1848 

1210 

18 

29 

1 

27 

ft 

1848 

ft 

1852 

1210 

17 

2 

5 

46 

9t 

1852 

ft 

1855 

1210 

11 

17 

21 

36 

9f 

1855 

» 

1858 

1209 

13 

41 




To sum up, then, we may liave to do with three sources of 
collisions — 
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1. Those due to internal motions round the common centre of grayity. 

2. Those due to tidal action. 

3. Those due to other meteorites met with in space. 

Th& Tails. 

The discussion of cometary observations in the preceding chap- 
ters shows that the vapours which are given out by the meteorites 
as the sun is approached are in an approximate order — 

Magnesium. 

Slight carhon compounds. 

Manganese. 

Lead. 

Iron. 

Sodium. 

l7ow of these the carbon compounds are alone permanent gases ; 
it may well be that hydrogen is also given off, but the records are 
wanting, although hydrogen as well as the carbon compounds are 
occluded as such by the meteorites and are given out again as 
the temperature of the meteorite increases. 

Tails extending 10,000,000 miles through the cold of space 
cannot, I suggest — unless we make a great assumption — as 
Bredichin supposes, be formed of iron vapour; but they may well 
be, and doubtless are, of the hydrogen and the various carbon 
compounds. 

The magnesium and iron vapours will condense soon after their 
repulse from the meteorite the volatilisation of which produced 
them, and here, as Beichenbach with marvellous prescience sug- 
gested in pre-spectrosGopio times, we have the chondroi of the 
exact chemical nature which he postulated. 

There is nothing extravagant in these suppositions, for we now 
know that all the substances in q^uestion do exist in comets, and 
it is evident that much is to be learnt from a continuation of the 
inquiry. We know also that some of the short-period comets get 
less brilliant with every approach to perihelion, and that some do 
not even throw out a tail; we can easily ascribe both these results 
to the fact that after several such appulses the vapours liable to be 
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driven out of the meteorites by temperature get less and less. If 
this be so, ire may regard the comet with many tails as one which 
for the first time undergoes perihelion conditions. We are in 
presence of the “ unperihelioned matter” glimpsed by Sir William 
Hersohol. 

Let us suppose a comet’s tail thus chemically constituted ; the 
vapours will, under the influence of the solar repulsion, be moving 
rapidly away from the meteoi'ites which produce them, through a 
mfteontic. pltnwi. Hence we should expect auroral phenomena 
These have been roconleil in comets’ tails since the time of Kepler, 
In the tail we have gases moving through meteoritio dust, in the 
aurom we may have meteoritic dust moving through gases. 

Wlint Uien becomes of the tails which are the true product ol 
the collisions we nve now considering ? 

Being thus formed at the expense of the materials composing 
the head, the materials can never be returned to the head because 
of its insuHlciont gravitational power over them, and moreover they 
(!aii no longer traverse the same orbits as the meteorites from 
which they s])rung, because they havo already been turned out ol 
that cmitso by the forces attifuding the development of the tail, 
Tho gaseous boditvs thus become distributed throughout the space 
occupied l»y our system, and give no further trace of their existence 
until, after sulmwiuont occlusion, which causes their disappearance 
they are again made ovidmit by future collisions. The existence 
of " uniHH'ihelionoil matter” then indicates that in the regions o 
space luair tho sun there is less of these free gaseous products thar 
in those farther away. 

Comets must thus degenerate, so far at all events as their easilj 
volatilised oonstituouts are conecrued, with each perihelion pas 
sage ; but a.s tho majority of them only approach the sun at long 
intervals of time, they do not suffer much in this way. 

It has been cfjtijecturod by Weiss and Schiaparelli that th< 
condensed metallic materials which ore projected from thost 
comets whose perihelia lie within the earth’s orbit, may givj 
rise to the appearance of meteors. This may also happen ir 
tho case of condensable materials shot in the first instance 
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towards the sunj so that we may imagine the original train of 
meteorites to gradually widen inside and outside the orbit of the 
main swarm and in its plane.^ 

It haa also been suggested that the luminosity of comets is 
possibly partly eleotrica], and in support of this view Hassdberg 
showed that the changes in Wells’s comet were closely related to 
changes which take place in an electrically illuminated vacuum 
tube, containing hydrocarbon and sodium. Before inferring to this, 
however, I may mention an early experiment of my own in con- 
nection with this point, which 1 described in the Mcmchester lienee 
leetwes, 1877, p. 130, but it was made some years before. 

A mixture of meteorites taken at random was placed in a globe 
attached to a Sprengel pump. After exhaustion, on passing an 
electric current under conditions which are generally supposed to 
give a spark of low temperature, the spectrum was seen to be that 
which Donati, Huggins, and others had observed in the spectrum 
of the head of a comet The gases occluded in meteorites were 
thus shown to be exactly what we get in the head of a comet A 
Leyden jar was then included in the circuit, and the spectrum of 
carbon was seen to have been replaced by that of hydrogen, from 
the decomposition of hydrocarbons. Under low temperature con- 
ditions, then, the spectrum was that of carbon, while under high 
temperature conditions the spectrum was that of hydrogea I also 
stated that in my laboratory work I had come across other curious 
cases in which compoimd vapours when dissociated only gave us 
one spectrum at a time, meaning that in a vapour consisting of 
two well-known substances, under one condition we only gat the 
spectrum of one substance, and under another condition we get the 
spectrum of the other substance alone ; so in others again of both 
combined. 

I had noticed this change very particularly during the researches 
of Professor Prankland and myself, in 1869, on the spectrum of 
hydrogen. In this case the two substances to be considered were 
hydrogen and the mercury vapour from the mercurial aiivpump 
which was employed in the experiments. 

^ Heischel, MotUhhy Hotieet, voL xxxr. p. 268. 
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In the subliming experiments I also found that a carbonaceous 
meteorite in vacuo gives oiBf hydrocarbon vapour at the ordinary 
temperature, since a weak electric discharge gave the longest band 
of carbon without heating. On heating, the other bands come in 
till the well-known series is formed with more or less complete- 
ness. If the discharge be a little less weak, the hydrogen F line 
also appears, and sometimes C, and the Y is brighter than the car- 
bon line/ A non-carbonaceous meteorite, like the carbonaceous 
one, also with a weaker electric discharge, gives traces of continu- 
ous spectrum in the orange, yellow, and green. 

After describing the changes which took place in Comet WeUs, 
which I have already referred to, Hasselberg writes — 

The above observations form an interesting addition to our knowledge 
of the physical peculiarities of the comet, and give a new and indubitable 
proof of the inherent luminosity of this body, and also of a greater complica- 
tion of chemical constitution than former observations had implied. It seems 
to be a particularly noteworthy fact that the usual cometary spectrum 
observed first by Tacchini and Vogel from 22d to 31st May disappeared, 
while in its stead the bright line spectrum was developed. As this occurrence 
coincides with the approach of the comet to perihelion, the cause of it may 
be sought in the rapidly increasing heat of the comet, as thereby on the one 
hand the sodium present in it was turned into vapour, and on the other 
hand the electric processes within its mass attained greater vigour. From a 
discussion of the earher spectroscopic observations of the comet, and from 
comparative laboratory experiments of the spectral relations of hydrocarbon, 
it seems to me very probable that the development of light within this comet 
chiefly depended on disruptive electric dischargea^ 

Hasselberg further refers to the experiments of E. Wiedmaun 
on the spectra observed during the passage of an electric current 
through mixed gases and vapours, 

Wiedmann found that when electric sparks were passed through 
a heated tube containing sodium and a gas like hydrogen or nitro- 
gen, the spectrum consisted solely of lines of sodium, Hasselberg 
also repeated this experiment, substituting hydrocarbon for hydro- 
gen or nitrogen, and found that the same thing happened. He 
concludes, therefore, that this demonstrates the electrical origin of 


1 J^arhr,, Ho. 2441. 
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the light of comets, since the additional heat due to the approach 
of the comet to perihelion might certainly bring out the sodium, 
but could not have caused the hydrocarbon spectrum to disappear. 

I would suggest, however, that the changes which took place in 
Comet Wells can be equally well explained on the supposition 
that heat was mainly in question. The chief point to be explained 
is the disappearance of the ordinary carbon spectrum and the 
appearance of sodium as the comet approached perihelion. With 
the first increase in temperature, as the contet left aphelion, the 
occluded compounds of carbon would bo driven out of the meteor- 
ites constituting the head of the cornet^ and the H]jectrnm would 
consequently be that of carlxtn. At the iuemaaod tenqtnraturc duo 
to further approach to the sun, tho carbon iintings would be 
maslced by the increased brightness of the continuous spectrum 
and by tlic radiation of other vapours. At the same timet a still 
laigor number of meteorites would Iwcoinu inciindcsceut, and 
vapours of sodium, and {lossibly also of iron, would distil out. 
Also sinco the stones would rciuiiiu in this condition for a con- 
siderable time, sodium vajmur would continue to be visible until 
they had almost ceased to be incandescent. 

1 may here state Hiat sodhim exists only in very small 
quantities in iron meteoriicts, but to a far greater extent in stony 
ones. A photograph of the arc spectrum of tho Obenikircben 
meteorite shows barely a trace of 1), but tho spectrum of a 
mixture of iron and stones shows it fairly bright. 

When a meticor swarm leaves the aphelion |x)int and begins to 
approach the sun, the similarity to a globular nebula gradually 
vanishes, and a bright central nucleus makes its appeeiancQ, and 
eventually a tail is formed. The whole region of space occupied 
by the meteorites (estimated by Professor Newton in the case of 
Biela’s comet to have been 30 miles apart), gives us the same 
spectrum, and further, it is given by at all events a part of the 
tail, which, in the comet of 1680, was calculated to be 60,000,000 
miles in length. The illumination must thereforo be partly electri- 
cal, and possibly connected with the xepnlsion of the vapours away 
firam the sun ; hence it is not wholly dependent upon collisions. 
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COMETS REPBE8ENT BODIES WHICH EXIST IN EXTERNAL SPACE 

Most we assume that the membei-s of the swarms to which we 
have referred, and of all the other swarms similar to them, have 
always been thus crossing the earth’s orbit periodically ; that the 
November swarm, to take one instance, and the August swarm, to 
take another, have always been crossing it at regular intervals? 
Must they of necessity have started their existence with the 
planets and other more stable members of the system ? 

This point has been well inquired into, and it is certain that it 
is not at all necessary that such a state of things should have 
existed from all time ; and further, Professor Kirkwood has shown 
the high probability that the August swarm entered our system 
not long previously to the year 800 .^ If they have not always 
been with us they must have entered from without. What, then, 
has been the moius operaixdi i It has been a very simple one. 

It is a matter of common knowledge that all stars are in 
motion. The so-called “ fixed ” stars are not really fixed ; they are 
only relatively fixed. The sun is a star, and like the other stars it 
is also in movement with its attendant bodies through space. 

If we imagine a swarm of meteorites moving in space, as the 
sun is doing, at a considerable distance from our system, the 
directions of movement being not parallel but inclined to each 
other, a time will come when the two bodies, taking the swarm as 
representing one body, and the sun another, will begin to have an 
^ Report of Coxamlttee on Luminous Meteorsi 1871» p* 60. 
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attractive influence on each other. If the attractive energy of the 
sun is considerable as compared vrith that of the swarm, the 
swarm will begin to change its direction obviously towards the 
sun. If, in thus changing its direction and increasing its velocity 
in consequence of this increased gravitational stress, the swarm 
can get round the sun without any loss of momentum, the two 
bodies will finally part from each other and will go diflerent ways ; 
but supposing there has been a loss of momentum, the loss may 
TWAflTi that for the future the swarm of meteorites must perform its 
journey ronimd tlic sun in a closed orbit. 

Hence it is that when a particular group of meteorites, which 
gives rise to the appearance of shooting-stars. Las been watched for 
1000 years, it does not follow tlmt these meteorites always formed 
part of the solar system. What we do know is that (tt the present 
moinmt, to take instances, the particular swarm to which the Leonid 
meteors (Nov. 13) are duo, and another swarm which is called the 
Ciela swarm (Nov. 27), nttdly move round the sun in closed cometary 
orbits, and the chruniclo of the appearances of both those svmrms is 
so complete that very definite statements may bo made about them. 

With regard to the Leonid swamt it is known that 
1,000,000,000 of miles of its orbit have been pierced by the earth 
in its successive passages through it since the year 902. Each 
time the earth must have filched many millions of the small con- 
stituents of the swarm and consumed them as shooting-stars, and yet 
the swarm does not seem to be very much the worse, and enormous 
though the numbers are, it is known that the distances between 
the meteorites are so considerable that no obvious mutual gravita- 
tional effect can be noted, so that tlteir combined or common 
movement is a clear indication of a common origin. 

In the case of the orbit of the Biela swarm we know that more 
than half of it, or a length of 600,000,000 miles, contains these 
meteorites; a long thin line, say a mile long and an inch in 
seotion, represents, according to Professor Newton, the distribution 
of the meteorites along the orbit. 

The great Laplace was the first to suggest that many comets, 
especially those of high inclination and great eccentricities, repte- 
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sented introductions of matter into the solar system from external 
space. But on this, as on many other points, we owe our present 
views chiefly to Schiaparelli, who, in 1867, attacked the problem ^ 
in connection with his researches on the Leonid swarm. 

He commenced by referring to the point made by Laplace as to 
the phenomena presented by cometary orbits, suggesting that the 
planets are truly indigenous to the system, have always followed 
the sun in his movement through space, and had taken part in all 
the evolutionary changes which have finally brought the solar 
system to its present condition. In the characters common to 
planets the comets are lacking, while the eccentricity of their 
orbits generally is so large that the greater part of their journey is 
performed outside the known limits of our system. Schiaparelli 
considei's that these facts demonstrate that the comets were not 
members of the solar system during its early stages, but that they 
are really messengers from the stellar void. Cloudlike masses, 
wandering in parts of space where tliere was no star' sufftcient to 
dominate them, have fallen gradually under the empire of our own 
by the effect of their movement relatively to our system. This 
movement, combined with the acceleration produced by the large 
mass of the sun, has determined the relative orbits of these bodies 
in relation to the sun, which are very different from their absolute 
orbits in space. He next examined all the circumstances of the 
movement of the external masses under these conditions, First, 
there is no doubt that the movement of the solar system in space 
is comparable to that of the planets in their resiiective orbits, while 
it is possible — indeed certain — that many of the stars are in more 
rapid movement than the sun. Hence, when it is affirmed that the 
relative movement of the sun, and of other bodies disseminated 
through space, is comparable in rapidity to the orbital movement 
of the planets, the statement is not a surprising one. 

That being so, let us next suppose that one of these cloudlike 
masses—we may call them external swarms — ^wandering in space in 
consequence of its initial movement, penetrates eventually into a 
region where the attraction of the sun is much greater than that of 
* Zea Mondea, vol. xili. p, 147. 
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any other star. It might be situated at a very great distance from 
the sun, where the annual parallax is only a small number of 
s econd s. The relative movement will take place in a conic section. 
To it, let us suppose the sun stopped, and let us give to the 
comet, instead of its real velocity in space, its relative velocity to 
the sun; and let us further imagine a perpendicular dropped from 
the sun upon the direction of tliis relative velocity. It is evident 
tlmt the area described by the comet round the sun in unit 
time will be equal to half the product of this perpendicular into 
the relative velocity. 

Now, as in general this velocity is of the order of planetary 
velocities, and since most frequently the perqsmdicular in question 
will be very much greater than the distance of the planets from 
the sun, we must conclude that the ni'eas descrilied by the 
comet round Uie sun, in unit time, will incomparably greater 
than the corresponding areas described by the planets. But 
when many bodies move in conic sectionH n»nnd a central Ixaly, 
the areas dciscrilrcd in unit time ure, among themselves, as the 
squar-o roots of the iiaramoters of their msjrective orbits; thcrcfin'c, 
in general, as most eoinctary orbits extend Issyond the outermost 
planetary one, the jmmmetcrs of cometary orbits being greater, the 
areas described by comets in unit time will bo greater. Wlionce 
it follows that, in genuml, amietary orbits will have enormous 
dimensions in every direction, and the bodies which describe them 
will reinaiu perpetually invisible to us, in consequence of their 
enormous distance. Nevertheless, among tlie infinite combina- 
tions possible in such orbits, there ore two which may bring the 
cometary clond within our ken : one, when the comet is moving 
directly towards the sun, describing a hyperbolic orbit very little 
different from a right line ; and tihe other, when the relative move- 
ment of the comet and son is almost zero, that is, when the two 
bodies are moving through the stellar space, along parallel lines, 
with nearly equal velocities. 

The parabolic form of cometary orbits should not surprise us, 
although there are other forms which are possible, the parabolic 
one being not at all the only one. The reason that we see those 
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which descrihe these curves is owing to the enormous size 
of the cometary orbits, and to our own feeble space penetrating 
power. Nor should we expect the planes of the orbits and the 
plane of the eoliptie to have any relation to one another. 

The characteristic peculiarities of the orbits of planets and 
comets can be accounted for, the former by their formation in the 
solar system, the latter by their being drawn by the sun’s attractive 
power from space. 

The question then is asked — To which of these two classes do 
the shooting-stars belong ? Are they planets or are they comets ? 
The ring theory, however, as Schiaparelli believes, leads to serious 
difiSculties respecting the origin of the shooting-stars, whether we 
regard the rings as integral parts of the solar system from the 
beginning, or whether the matter of which they are composed be 
supposed to come from without, drawn by the attraction of 
the sun. 

Schiaparelli then goes on to show that the velocities and in- 
clinations of the orbits of meteor swanns tend to classify them 
with comets as liaving come into the solar system from without, 
and that when these cosmic clouds are attracted by the centre of 
our system, the constituent particles of the eJoud must be drawn 
out into a parabolic emrent ; thu,s for instance, supposing a cosmic 
cloud equal in volume to the sun, and at such a distance that its 
apparent diameter is 1', the sun’s attraction upon this would result 
in the formation of a parabolic chain or stream of such a length 
that it would require 630 years to pass through perihelion. 
When the centre was close to the sun, the beginning and the 
end of it would be 263 times the earth’s distance from the 
sun. There are nebulte of which the apparent diameter is greater 
than that of the sun. If we assume such a nebula, with the sun’s 
apparent diameter, 1924^ it would be transformed into a parabolic 
chain which would require 20,000 years to pass perihelion, its 
transverse dimension still being such that the earth could pass 
through it in one or two days at the most. In this way, then, 
Schiaparelli shows not only that external swarms can be attracted 
from external space into our system, but that when so drawn out 



CHAP. XXlll 


COSMIC ORIGIX 


24:7 


their constituent particles must take the form which we know 
such swarms as that of November and the rest to possess. 

More recently this subject has been treated by Professor H. A 
Newton, and some results at which he anived have been thus 
stated by Professor A. S. Herschel * — 

The evidence so strongly and distinctly shown in favour of the theory of the 
original motion of inost^ if not of all, of our recorrled comets in spaces far 
external to the solar nebula, rests upon the assumption that the comet-yiehling 
matter of the primitive nebula, if it existed, was confined, like that which 
formed the planets, to the neighbourhoorl of the ecliptic plane. Tins ground 
for the conclusion may iwlmit of nn exception that a similar distribution of 
the inclinations of Ihe orbits to that which Laplac4‘V hypotliesis n^quires, would 
have been prcnUiced were this matter otherwise Hpmwl^ uniformly on a very 
distant sphere, instead of in the distant portions of a di^k nr anuulus. Ihit 
llie plane of the planetary motions in the solar system, and the anally 
whici they pivsent to spiin! and disk-like nehtilie in the Iteuvens, scarcely 
allow us to assume with renM»niih]e pmbuhility such a ditfiTeiit d!spolutio]i 
of the matter rtf the auti‘r part of the nebula from what the courses of the 
planets slinw uh tui\st have bi*en its original incMle of dintriimtlon and of 
gmdnal c<intmction near the centre ; and with no evidence 1jeff»re iw of the 
jjast or pivsent exiHt(*ne(« of a distant sjdierieAl envelope* of nebular matter 
enclosing the solar system, we may eertainly prefer to accept, with Professor 
Ntnvton, the much simpler coneluslou to wldeh he is Hmilly conducted by 
his well-Qxecuted hilsnirs, that, with the exception of a few, ]K;rha}is, of the 
xodiacal comets, and comets of the riiortest {a^riods, all the comets which 
have been recorded wen^ originally denmnn 0 / the intmtellar epacfsn^ ptirsuing 
unknown orbits like the stars, ami separated at least and dissevered in their 
primitive astronomical relations iVoiit any eonnectlon with the nehniar matter 
which, in the process of concentration snpposecl by the nebular hypothesis, 
formed the sun, the x>lanots, and the asteroida 

Here, then, at last wo find the cosmio origin of shooting-Btars 
Tim to earth by the genius of Schiaparelli and Newton. 

It is right to state, however, that in the year 1861 Professor 
Kirkwood anticipated some of tho above conclusions. He wrote 

Different views are entertained by astronomers in regard to the origin 
of comets, some believing them to enter the tolar system esrfm, others 
supposing them to have originated within its limits. The former is the 
hypothesis of Laplace, and is regarded with favour by many eminent 

^ Mimthly Mtidu, vol xxxix. p. S79. 

* Quoted in Luminous Meteors Committee’s Report for 1870-71, p. 4a 
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astronomers. . . . Now, according to Laplace’s hypothesis, patches of nebul- 
ous matter have been left nearly in equilibrium in the interstellar spaces. 
As the sun in his progress approaches such clusters, they must, by virtue of 
his attraction, move towards the centre of our system, the nearer portions 
with greater velocity than the more remote. The nebulous fragments thus 
drawn into our system would constitute comets ; those of the same cluster 
would enter the solar domain at periods not very distant from each other. 
... If we adopt Laplace’s hypothesis of the origin of comets, we may 
suppose an almost continuous fall of primitive nebular matter townrd the 
centre of our system — the drops of which, penetrating the earth’s atmosphere, 
produce sfporadic meteors, the larger aggregations forming comets. The dis- 
turbing influence of the planets may have transformed the original orbits of 
many of the former as well as of the latter into ellipses. It is an interesting 
fact that the motions of some luminous meteors (or comefoidft, as perhaps they 
might be called) have been decidedly indicative of an ongiu beyond the 
limits of the planetary system. But how are the iihcnouiena of ^wrioOk 
meteors to be accounted for in accordance with this theory ? 

The division of Biela’s comet into two distinct parts suggests several 
interesting questions in cometary physics. The nature of the separating 
force I’emains to be discovered ; ‘‘but it is impassible to doubt that it arose 
from the divellcnt action of the sun, whatever may have been the mode ol* 
operation. A signal manifestation of the inihience of tlie sun is Hometimes 
aflVjivIed by the breaking-up of a comet into two or moi'c Hei)Jirate parts on 
the occasion of its approach to the perihelion.’^ ^ No less than six such 
instances are found distinctly recorded in the annals of nstrauomy, viz. : 
(1) Ancient bipartition of a comet — Senaea; (2) Heparaiiozi of a comet into a 
number of fragments, 11 no. — Dmu (Jamm; (3) three cmnets seen simul- 
tancously pursuing the same oihit, 8D(5 a.p . — (Mum (4) probable 

separation of a coimit into parts, 1018 a.I). — HavcHits; (5) indications of 
sepuration, 1661 — limilim; (6) bijmrtition of Biela’s Comet, 1846-46. 

In view of these facts it seems highly probable, if not absolutely 
certain, that the process of division has taken place in several instances 
besides that of Bieln’s Comet May not the force, w'hat'ver it is that lias 
produced one separation again divide the parts ? And may not this action 
continue until the fragments Injcome invisible? According to the theory 
now generally received, tlie periodic phenomena of shooting-stars are produced 
hy the intersection of the orbits of such nebulous bodies with the earth’s 
annual path. Now tliero is reason to believe that these meteoric rings are 
very elliptical, and in this respect wholly dissimilar to the rings of primitive 
vapour which, according to tlie nebular hypothesis, were successively aban- 
doned at the solar equator; in other words, that the matter of w*hich they are 
composed moves in eometary rather than in planetary orbits. May not our 

^ Grant’s History qf Physical Astronomy^ p. 802. 
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•periodic meteors he the debna of ancient but now disintegrated eoviets^ wlme 
matter has become distributed round their orbits ? 

Professor Kirkwood * was, I believe, tlie first to point out that 
if matter exterior to the solar system is attracted into it, the 
motion of the system through the matter-containing space must 
be taken into consideration. Tire number of cometary perihelia 
found in the two quadrants of longitude towards and from which 
the sun is moving was found by him to be 159 or 62 per cent, 
and that of perihelia in the two other quadrants 98 or 38 per 
cent, showing their tendency to crowd together about the direction 
of the sun’s journey in space. 

This is an important argument in favour of the view above 
referred to. 

In discussing the iimlHn opemivdi by which the external swarm 
is drawn into our system, it must be borne in mind that there is 
first of all, and generally, the attraction of the sun ; there is next, 
specially and locally, the attraction of the outer planets of our sys- 
tem. Schiaparelli, in his memoirs, considers the case of a dense 
cloud passing near one of these bwlios. Tltere will be a change in 
its orbits and it may become one of short period. If at perihelion 
its distance from tlio sun is loss than that at which solar attraction 
disintegrates the groups, to use Professor Newton’s phrase, the 
cloud will be dissolved into independent particles. He also points 
out that planetary perturbations will produce in the orbits of these 
particles a variation in the oloments, especially in the periodic 
time. The group ia gradually lengthened along the ellipse, and 
after a certain number of revolutions tlie cloud becomes a con- 
tinuous ring. The Leonid meteors belong to such a group, 
in which the ring is partially formed ; the August meteors prob- 
ably represent a group after transformation into a continuous 
ring. Le Verrier was among the first to point out that the Leonid 
swarm thus possibly owed its existence as a member of our system 
to the attraction of Uranus.* 

* Quoted in Luniinoui Ueteon Oommittee'i Report, 1871, p. SO. 

• Ompta Jtendun, voL Iziv. p. 94, Abetmoted by Prafeeeor Newton, Xner. 
Jbmm., vo], xlUL p. 88fi, second lerise, 1867. 
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His views may be thus stated (I quote from Professor Newton’s 
abstract) — 

The group when it came into the system could not be thrown into its 
present orbit except by a powerful perturbing cause, as was the case of the 
comet of 1770. Moreover, comets so acted upon that the newly acquired 
orbit has a small perihelion distance, return necessarily to the orbit of the 
disturbing body, just as the comet of 1770 returned to Jupiter. We cannot 
help then being struck with the circumstance that the November group 
extends to the orbit of Uranus and a very little farther ; and that these 
orbits intersect, very nearly, just after the group passes its aphelion, and 
above the plane of the ecliptic. 

The question then arises whether the group and Uranus have ever been 
together at this point. By calculation it was found that no such meeting 
could have taken place since the year 126 of our era, and that by a change 
of the computed node for that epoch by 1® 48', and by placing the perihelion 
4" from the descending node in November, the group would then actually 
strike the planet Uranus, These two changes are not greater than the 
possible errors of our observations. 

Le Vcirior’s rescMvrehcs further show that a globular group one-third of 
the diameter of Uranus (more* or less) might at that time have been thrown 
into a shape and into an orbit which should by this time give all the 
phenomena of the November group. Its previous orbit might have been 
an ellipse, a parabola, or a hyperb<»la j its motion might even have been 
direct in an elliptic or parabolic orbit. 

In the coui’se of future time, he argues, the phenomena will extend over 
a laiger and larger number of consecutive years, diminishing at the same 
time in intensity. But no change in perihelion distance will make them 
disappear entirel 3 \ Even if tlie group again meets Uninus, tlie idanet can 
net only upon a part of its matter, and cannot throw it all into a new orbit 
ns Jupitei* did the comet of Lex(*ll. 

Two years later, iu a communication to the American Uhilo- 
sophical^ Society/ I^rofessor Daniel Kirkwood showed that the 
aphelion distances of many known short period comets were very 
similar to the mean distances of the outer planets. These are 
shown iu the following table : — 

^ Quoted in Luminous Meteors Committee’s Beport, 1870-71, p. 48. 
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Pons, 1812 
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V. 

Halley’s 

31*97 

33*41 

34*05 

34*35 

35*07 

; 35*37 

Xcptnnc’H mean 
(listincti 30'04 


He further }K)inted out the probability that the apheliou dis- 
tances of the muteoritic rings of 18th to 20th April, 15th to 21st 
October, and I Ith to 13th Hceemlier arc also mairly equal to the 
mean distance of Uranus. 

Thu conclusions which, as Schiaxinrelli pointed out, result from 
the preceding discussions, are among the most important and far- 
reaching which have ever liecn formulated in the region of 
scientific thought with which we are here concerned. I quote 
thorn from the translation given by Professor Newton.* 

I. Matter in dismtininateil in edestinl space in nil possible grades of 
division. The first grade consists of the larger stuns either isolated or 
collectnl into f^Htfius of few niemburs. Hie second is made up of large 
agglomemtions of small stars, the dor dwt of Hersehel, into which many 
nelmlm aw seen to Iw resolved by large telescopes. Then follow smaller 
bodies, which ore invisible except when they approach the sun under the 
form of comets. Finally, the last grade consists of cosmical clouds, comjiosed 
of very mimito elements, which have a weight comiwnble to that of objects 
which we aw accustomed to handle or transport on the earth. 

II. This lost class of bodies may have been formed in siwcc, by the 
local concentration of the celestial matter, in a manner analogous to the 
crystallisation of substances chemically dissolved in liquhls. From what 
oecun in these crystallisationa we are even led to think tliat such a form of 
a^yp^egation is much more pwbable and more frequent than the others^ 


^ Amw, Jowm,, vol. xlU. p. 285, second seriHk 
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which take place by large masses. Hence the volume occupied by the 
cosmical clouds may be a notable fraction of the stellar space. 

HI. The movements of such clouds among the bodies of the universe 
are comparable to those of the fixed stars, and are probably due to analogous 
causes. When any one of them enters the sphere of attraction of the sun, 
it cannot be visible to us unless its orbit relative to this great luminary is a 
very elongated conic section 

ly. Whatever may be the form and extent of a cosmical cloud, it cannot 
(vdth very rare exceptions) penetrate to the lutenor of the solar system, 
unless it has been transformed into a parabolic cun'ent, which may consume 
years, centuries, and myriads of years in passmg, part by part, its peiihelion, 
forming in space a river, whose transverse dimensions ai-e very small with 
respect to its length ; of such cui*rents those which are encountered by the 
earth in its annual motion are rendered visilde to us under the form of 
showers of meteors diverging from a certain radiant. 

V. The number of meteoric cun’ents crossing the spaces of the solar 
system, at all possible distances, and in all directions, is probably very great. 
The exceeding raiity of the matter contained in them allows these currents 
to intei‘sect mutually, without causing any disturbance to one another*, 
They may undergo successive transpositions and deformations in space, like 
rivers which slowly cliangp their bed. They may bo intemipted, and thence 
become <louble or multiple, ami they may even in particular circumstances 
become citised elliptic rings. The November meteoroids are apparently 
portions of such a ring in process of formation. 

VL Tim cosmical clouds having shoit periods of revolution around the 
sim, by which some are inclined to explain the appearance of shootings-stars, 
cannot have a permanent existence without violating the known laws of 
universal givivitation. 

VTT, The matter ot the jiurabolic currents, aftei' having passed the 
perihelion, returns into space in a state of dispersion, greater than that which 
it had before the ])afi»ig(*. In particular cases, as when tlie current meets a 
planet, very great i){*rturbations may ensue and a seimration of some of the 
meteoric stars into special orbits. Such stars from that moment may be 
called tnily ^ontdk, 

VTII. Thus tluj meteoric stars, and other celestial products of analogous 
nature, which in past £^,^es were commonly regarrlcd ns atmospheric pheno- 
mena, which Olbers and Laplace first ventured to make to come from the 
moon, and which at a later period were raised to the dignity of members of 
the planetary system, truly belong to the category of fixed stars ; and the 
name fallmg stars expresses simply and precisely the truth respecting them. 
These bodies have the relation to comets that the small planets between 
Mars and Jupiter have to the larger planets. The smallness of the mass in 
each case is compensated by the very great number. 
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IX. Since we may safely regard it os certain that falling stars, bolides, 
and aerolites differ in nothing except their maguitnde, we may conclude that 
the matter which has fallen from the sky is a fragment of that of whidi the 
stellar universe is formed. And as in such matter there is no chemical 
element that is not found upon the earth, the similarity of composition of 
all the visible bodies in the universe, already rendeiud probable by researches 
with the spectroscope, acijuires a new argument for its credibility. 

It will lie seen that in these pregnant paragraphs Schiaparelli 
goes far beyond the mere identity of comets and meteor swarms, 
and their possible origin in nebnhe attracted into the system, lie 
seems to me to have glimpsed the idea which has cansed this hook 
to be written, namely, that many of the stars are also meteor swanns 
which are due, like the nebulic, to “ the local concentration of the 
celestial matter.” 

I have, I trust, shown in the fon^going chapters that a discussion 
of the s})ectroscopic oltservaiions now open to us — oliservations ex- 
tending over a poiifsl of more than twenty years since Schiaparelli’s 
work was doms — entirely Justifies his conclusions. I hope also to 
show in subsequent cliaiiters that it also suggests l^itimate and 
natural extensieus of Schiaparelli’s ideas. 
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SECTION I— THE NEBUL.E 


CHAPTER XXIY 

HISTOBICAL KOTIOE 

Ot7K present knowledge of those celestial bodies which we term 
nebulsB may be said to date from the wonderful series of memoirs 
by Sir William Herschel, published in the FfiMosopMeal iPransac- 
tvms over a period of thirty-four years, commencing with 1'784. It 
is perfectly true that we have not here the first recorded observa- 
tions of nebulm : several observers before Sir William Herschel 
had drawn attention to them. Bnt previous observers, among 
whom we may include Kepler, Tycho Brah4, Halley, and others, 
were, without exception, of opinion that the nebulec were com- 
posed of something differing entirdyin its essence from stars. 
There was no question whatever of a possibility of their being 
simply clusters of stars considerably remote. 

!pycho Brahd, in the record of his observations of the new 
star observed by him in Cassiopeia, suggested that it was in some 
way generated from an ethereal substance, and to him the Milky 
Way was composed of this material. This substance was liable to 
dissipation by light and heat, and in this manner he accounted for 
the ultimate disappearance of the star. 

Kepler, who gave much attention to the subject, shared this 
opinion, and in this he was followed by Halley, whose paper of 
1714^ is one of the first Eng^h contributions to the history of 

> PkU. Tram, voL xxiz. p. 388. “An Acoonnt of Hveiil Kelinlte or Lnoid 
Bpoti like Clouile, lately diecorered among the Elzt Stare by help of the 
Talateope.” 
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the subject. In it, after referring to other “very surprising 
Phsenomena,” the paper goes on — 

But not less wonderful are certain luminous Spots or patches, which 
<iiscover themselves only by the telescope, and appear to the naked Eye hke 
small Fixt Stars ; but in reality are nothing else but the light coming from 
an extraordinary great Space in the Ether ; through which a lucid Medium 
is diffused, that shines with its own proper lustre. This seems fully to 
reconcile that Difficulty which some have moved against the description Moses 
gives of the Creation. AEeging that light could not be created without the 
Sun. But in the following instances the Contrary is manifest, for some of 
these bright Spots discover no sign of a Star in the middle of them ; and the 
irregular form of those that have, shows them not to proceed from the Illu- 
mmation of a Central Body. These are. . . , Six in Number, all w^hich 
we will describe in the order of time, as they were discovered ; giving their 
places in the Sphere of Fixt Stars. To enable the Curious, who are famished 
with good telescopes, to take the satisfaction of contemplating them. 

The first and most considerable is that in the Middle of Orion’s Sword, 
marked with 6 by Bayer in his Uranometria^ as a single star of the third 
Magnitude ; and is so accounted by Ptolemy, Tycho Brahd, and Hevelius : 
but it is in reality two very contiguous stars environed with a very large 
transparent bright Spot, through which they appear with several others. 
These are curiously described by Hugenius in his Systema Santumixm^ p. 8, who 
there calls this brightness, “ Portentum, cui certe simile aliud nusquam apud 
reliquas Fixtas potuit animadvertere ; ” affirming that he found it by chance 
in the Year 1666. The Middle of this is at present in II. 10®'00, with 
South Lat. 28®^. 

About the Year 1661 another of this sort was discovered (if I mistake 
not) by Bullialdus, m Oingulo Andromede. This is neither in Tycho nor 
Bayer, having been omitted, as are many others, because of its smallness ; 
But it is inserted into the Catalogue of Hevelius, who has improperly called 
it Nebulosa instead of Nebula; it has no sign of a Star in it, but appears 
like a pale Cloud, and seems to emit a radiant beam into the North East, as 
that in Orion does into the South East. It precedes in Bight Ascension the 
Northern in the Girdle, or v Bayer’s, about a degree and three Quarters, and 
has Longitude at this time v . 24® 00' with Lat North 

The Third is near the Ecliptick between the Head and Bow of Sagittary, 
not far from the point of the Winter Solstice. This it seems was found in 
the Year 1666, by a German Gentleman, M, F. Abraham Ihle, whilst he 
attended the Motion of Saturn then near his Aphelion. This is sm^ but 
very luminous, and emits a ray like the former. Its Place at this time is 
VS 4® J with about half a Degree South Lat 

A fourth was found by M. Edm. Halley in the Year 16*77, when he 
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was making the Catalogue of the Southern Stars. It is in the Centaur, that 
which Ptolemy calls o hrX rrjs rov vutrov which he names in dorso 

Equino Nebula, and is Bayer^s w. It is in appearance between the fourth 
and fifth Magnitude, and emits but a small Light for its breadth, and is with- 
out a radiant Beam : this never rises in England, but at this time its Place 
is rti 6*1 with 35*-J South Lat 

A Fifth was discovered by Mr. G. Kirch in the Year 1681, preceding 
the Bight Foot of Antinous : It is of its self but a small obscure Spot, but has 
a Star that shines through it, which mokes it the more luminous. The 
Longitude of this is at present VJQ* circiler, with 17*^ North Latitude. 

The Sixth and last was accidently hit upon by M. Edm. Halley in 
the Constellation of Hercules, in the Year 1714. It is nearly in a right line 
with f and 07 of Bayer, somewhat nearer to f than rj : and by comparing its 
Situation among the Stars, its place is sufficiently near in la 26*^ with 67**00 
North Lat This is but a little Patch, but it shews its self to tlie naked 
Eye, when the Sky is serene and the Moon absent 

There ore undoubtedly more of these which have not yet come to our 
knowledge, and some perhaps bigger, but though all tliese Spots ore in Ap- 
pearance but little, and most of them but of few Minutes in Diameter ; yet 
since they arc among the Fixt Stars, that is, fdneo they have no Annual 
Parallax, they cannot fail to occupy Spaces immensely great, and perhaps not 
less than our whole Solar System. In all these so vast S^mces, it should 
seem tlmt there is a por] 7 etual uninterrupted Day, which may famish Matter 
of Speculation, os well to the curious Naturalist as to the Astronomer, 

Sir William Herschel began his observations of nebuhe about 
the year 1780. His first important paper, however, did not deal 
with these objects : it had reference to the motion of the sun in 
space.^ In this memoir he points out the universal sway of gra- 
vitation in the celestial spaces ; and the infinite possibilities opened 
out by such an all-prevailing and pervading cause seem, although 
he does not state it in terms, to have led him to the conclusion 
that such ideas as Brahd’s and Kepleris were invalid, and that 
instead of an ethereal essence the apparent nebulte were true 
clusters of stars infinitely remote,^ His first survey of the 
nebulm appears in his paper of 1784. He began by observing 
those bodies whicli had already been recorded in the Oonnaissanee 
des Temps for 1788, and then those farther afield ; and it is not a 
little remarkable that in this first paper he describes almost every 


^ Phil Trans, vol. Ixxiil, published in 1785. 


® Ildd, vol. Ixxiv., 1784. 
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distinct form of nebulae wbich has been observed from that day to 
about the year 1846, ■when Lord Kosse brought a still more 
powerful instrument than Herschel’s largest to bear upon these 
objects. He noticed that in certain parts of the heavens there 
was a marked absence of stars, and that this was so invariably 
followed by the appearance of nebulae on the confines of the empty 
region that he records in his memoir that after passing over one 
of them he was in the habit of giving the word to his assistant 
to “prepare for nebulre.” This strengthened his view as to the 
power of gravitation, and as to nebulte being masses of stars pro- 
duced by it. 

In another paper published in the next year ^ ho shows evidently 
that his opinion that the nebulic of all orders which he had dis- 
covered was confirmed, and that he regarded them as .simple 
agglomerations of stars, and he refei-s to the action of gravity in 
bringing about such condensations. In the next year® he pub- 
lished the first catalogue of a thousand nebulm, and gives his first 
classification, one baso<l upon brightness (p. 4G6). In 1789, that 
is, throe years later,® he published his second catalogue, and it is 
clear from the t<‘xt that he still held to his opinion that ncbulro 
were all distant star elu-stem It reipiired another interval of three 
years before the possibility of th<*ir nature being in any way dis- 
tinct was brought fairly before hi.s mind. In 1791 * ho published 
his remarkable iiajier on “ Nebulous Stars probably so-callod.” In 
this paper it will bo seen how convincing was the line of argument 
which Hersehel followed to bring him ultimately to the conclusion 
that in the bodies which he observed there was either a central 
body which is not a star, or a star involved in a shining fluid of a 
nature totally unknown to us (p. 83). This paper is so important 
that I do not hesitate to reprint it here in 

' On NeMmu Stars, properly to railed. 

In one of my late examinatiouK of a npnee in the hcavona, which I had 
not reviewed before, I discovered a star of about the 8tb magnitude, sur- 


' i%iZ. Traws. vol, Ixxv., 1786. 
* im. vol. Ixxix,, 1788. 


’ Ihid, vol. IxxvI., 1786. 
* Ibid, vol, IxxxL, 1781. 
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roTinded with a faintly luminous atmosphere, of a consideiable extent. The 
phseuomenon was so striking that I could not help reflecting upon the cir- 
cumstances that attended it, which appeared to me to be of a very instruct- 
ive nature, and such as may lead to inferences which will throw a consider- 
able light on some points relating to the construction of the heavens. 

Cloudy or nebulous stars have been mentioned by several astronomers ; 
but this name ought not to be applied to the objects which they have pointed 
out as such j for, on examination, they prove to be either mere clusters of 
stars, plainly to be distinguished my large instrument, or such nebulous 
appearances as might be reasonably supposed to be occasioned by a multitude 
of stars at a vast distance. The milky way itself^ as I have ^own in some 
former papers, consists entirely of stars, and by imperceptible degrees I have 
been led on from the most evident congeries of stars to other groups in which 
the lucid points were smaller, but still very plainly to be seen ; and from 
them to such wherein they could but barely be suspected, till I arrived at last 
to spots in whidi no trace of a star was to be discerned. But then the grada- 
tions to these latter were by such well-connected steps os left no room for 
doubt but that all these phesnomena were equally occasioned by stars, vari- 
ously dispersed in the immense expanse of the universe. 

When 1 pursued these researches, I was in the situation of a natural 
l>hilosopher who follows the various species of animals and insects firom the 
height of their perfection do^vn to the lowest ebb of life ; when, arriving at 
tlie vegetable kingdom, he can scarcely point out to us the precise boundary 
whore the animal ceases and the plant begins ; and may even go so four as to 
suspect them not to be essentially different But recollecting himself, he 
compares, for instance, one of the human species with a tree, and all doubt 
upon the subject vanishes before him. In the same manner we pass through 
gentle steps from a ooatse cluster of stars, such as the Pleides, the Pjraesepe, 
the milky way, the cluster in the Grab, the nebula in Hercules, that near 
the preceding hip of Bootes (a), the 17th, 38th, 4lBt of the 7th class of my 
catalogues^ (&), the 10th, 20th, 35th of the 6th class; (c), the 33d, 48th, 
2X3th of the Ist ; (tQ, the 12th, 150th, 756th of the 2d ; (a), and the 18th, 
140th, 725tli of the 3d ; without any hesitation, tiU we fbud ourselves 
biouc^t to on object such as the nebula in Orion, where we are still inclined 
to remain in the once adopted idea, of stars exceedingly remote, and incon- 
ceivably crowded, os being the occasion of that remarkable appearance. It 
seems, therefore, to require a more dissimilar object to set us right again. A 
glance like that of the naturalist, who casts his eye from the'perfect animal 
to the perfect vegetable, is wanting to remove the veil from the mind of the 
astronomer. The object 'I have mentioned above, is the phsanomenon that 
was wanting for this purpose. View, for instance, the 19th cluster of my 
6th class (c), and afterwards cast your eye on this cloudy star and the 
result will be no less decisive than that of the naturalist we have alluded ta 



262 


THE METBORITIG HYPOTHESIS 


PART V 


Our judgment, I may venture to say, vill be, that the nebulosity about the 
star is not of a starry nature. 

But that we may not be too precipitate in these new decisions, let us 
enter more at large into the various grounds which induced us formerly to 
surmise that every visible object in the extended and distant heavens was of 
the starry kind, and collate them with those which now offer tliemselves for 
the contrary opinion. 

A well connected series of objects, such as %\e have mentioned above, 
has led us to infer, that all nebulm consist of stars. This being admitted, 
we were authorised to extend our analogical way of reasoning a little farther. 
Many of the nebula) had no other appearance than that whitish cloudiness, 
on the blue ground on which they seemed to be projected ; and why the 
same cause should not be assigned to explain the mast extensive nebulosities, 
as well as those that amounted only to a few minutes of a degree in size, 
did not appear. It could not be inconsistent to call up a ttdescopic milky 
way, at an immense distance, to account for such phenomena ; and if any 
part of the nebulosity seemed detaclieil from the rest, or contained a visible 
star or two, the probability of seeing a few near stars, apparently scattered 
over the far distant regions of myiiads of sidereal collectiruia, rendered 
nebulous by their distance, would also clear up these Ringularities. 

In order to he more wisily understood in my remarks on the coinpaiativo 
disposition of the heavenly bodies, I shall mention some of the particulars 
which introduced the idetis of ruuneetion, and disjunct ion t for these, being 
properly founded upon an e.\amination of objects that may bo reviewed at 
any time, will be of conniderable imporUuce to the validity of what wo may 
advance with n'gnrd to my lately discovered nebulous Hbirs, 

On the 27th June 1780, I saw a beautiful cluster of very small stars of 
various sizes, about 15' in diameter, and very rich of afairs (a). On viewing 
this object, it is impossible to withliold our assent to tbe idea which occurs, 
that these stars are connected so far one with another as to he gathered to* 
gether, within a certain space, of little extent, when compared to tbe vast 
expanse of the heavens. As this phenomenon has been repeatedly seen in a 
thousand coses, I may justly lay great stress on the idea of such stars being 
connected. 

In the Year 1779, the 9th of September, I discovered a very small star 
near e Bootis (6), The question here occurring, whether it hod any connec- 
tion with € or not, was determined in the negative j for, considering the 
number of stars scattered in a variety of places, it is very far from being 
uncommon, that a star at a great distance should happen to be nearly in a 
line drawn from the sun through e, and thus constitute the observed double 
star. 

The 7tih of September 1782, when I first saw the planetary nebula near 
V Aquarii (c), I pronounced it to be a system whose parts were con- 
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nected together. Without entering into any hind of calculation, it is 
evident, that a certain equal degree of light within a very small space, joined 
to the particular shape this object presents to us, which is nearly round, and 
even in its deviation consistent with regularity, being a little elliptical, ought 
naturally to give us the idea of a coxgunction in the things that produce it 

And a considerable addition to this argument may be derived from a 
repetition of the same phenomenon, in nine or ten more of a similar con- 
struction. 

When I examined the cluster of stars, following the head of the great 
dog (a), I found on the 19th of March, 1786, that there was within this 
cluster a round, resolvable nebula, of about two minutes in diameter, and 
nearly of on equal degree of light throughout (&). Here, considering that 
the cluster was free from nebulosity in other parts, and that many such 
clusters, as well os many such nebulae, exist in divers parts of the heavens, it 
appeared to me very probable, that the nebula was unconnected with the 
cluster ; and that a similar reason would as easily account for this appearance 
as it had resolved the phoenomenon of the double star near e Bootis ; that is, 
a casual situation of our sun and the two other objects nearly in a line^ And 
though it may be rather more remarkable, that this should happen with two 
compound systems, which are not by far so numerous us single stars, we have, 
to moke up for this singularity, a much larger space in which it may take 
place, the cluster being of a very considerable extent 

On the 15th of February, 1786, 1 discovered that one of my planetaiy 
nebulm (c), hod a spot in the centre, which was 'more luminous than the rest, 
and with long attention, a very bright, round, well-defined centre became 
visible. 1 remained not a single moment in doubt, but that the bright 
centre was connected with the rest of the apparent disk. 

In the year 1785, the 6th of October, I found a very bright, round 
nebula, of about minute in diameter* It has a large, bri^t nucleus in the 
middle, which is undoubtedly connected with the luminous parts about it. 
And though we must confess, that if this pheenomenon, and many more of the 
same nature, recorded in my catedogues of nebulee, consists of clustering stars, 
we find ourselves involved in some difficulty to account for the extraordinary 
condensation of thorn about the centre ; yet the idea of a connection between 
the outward parts and these very condensed ones within is by no means 
lessened on that account 

There is a telescopic milky way, which I have traced out in the heavens 
in many sweeps made from ^ year 1783 to 1789. It takes up a space of 
more than 60 square degrees of the heavens, and there are thousands of stars 
scattered over it; many others, four that form a trapezium, and axe situated 
in the well-known nebula of Orion, which is included in the above extent 
All these stars, as well as the four I have mentioned, I take to be entirely 
unconnected with the nebulosity which involves them in appearance^ Among 
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them is also (d) Ononis, a cloudy star, improperly so called by former astron- 
omers ; but it does not seem to be connected with the milkiness any more 
than the rest 

I come now to some other phsenomena, that, from their singularity, 
merit undoubtedly a very full discussion. Among the reasons which induced 
us to embrace the opinion, that all very faint milky nebulosity ought to be 
ascribed to an assemblage of stars is, that we could not easily assign any 
other cause of sufficient importance for such luminous appearances to reach 
us at the immense distance we must suppose oui*selves to be from them. 
But if an argument of considerable force should now be brought forward, to 
shew the existence of a luminous matter, in a state of modification very dif- 
ferent from the construction of a sun or star, all objections, drawn from our 
incapacity of accounting for new phsenomena upon old principles, will lose 
their validity. 

Hitherto, I have been shewing, by various instances in objects wliose 
places are given, in what manner we may form the ideas of connection and 
its contrary by an attentive inspection of them only; I will now relate a 
series of observations, with remarks upon them as they are delivered, from 
whicli I shall afterwards draw a few simple calculations, that seem to be of 
considerable importance. 

Eovmher 13, 1700, — A most singular phenomenon ! A star of about 
the 8th magnitiulc, with a faint luminous atiiuisphert*, of a circular form, 
and of about 3^ in diameter. Tlie star is pertwttly in the* centre, and the 
atmosphere is so diluted, faint, and equal throughout, that there can be no 
surmise of its consisting of stars ; nor can there lai a dou])t of the evident 
connection between the atmosphere and the star, Another star is not mucli 
less in brightness, and in the same field with the above, was perfectly free 
from any such appearance. 

This last object is so decisive in every jiarticular, that we need not 
hesitate to admit it os a pattern, from which we are authorised to draw the 
following impoi*tant consequences. 

Supposing the connection between the star and its surrounding nebulosity 
to be allowed, we argue, that one of the two following cases must necessarily 
be admitted. In the first place, if the nebulosity consists of stars that are 
very remote, which appear nebulous on account of the small angles their 
mutual distances subtend at the eye, whereby they will not only, as it were, 
run into one another, but also appear extremely faint and diluted ; then, 
what must be the enormous size of the central point, which outshines all the 
rest in so superlative a degree as to admit of no comparison ? In the next 
place, if the star be no bigger than common, how very small and compressed 
must be those other luminous points that are the occasion of the nebulosity 
which surrounds the centred one 1 As, by the former supposition, the lumin- 
ous central point must far exceed the standard of what we call a star, so, in 
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the latter, the Bhimng matter about the centre will oe much too small to 
come xmder the same denomination ; we therefore either have a central body 
which is not a star, or have a star which is involved in a shining fluid, of a 
nature totally unknown to us. 

1 can adopt no other sentiment than the latter, since the probability is 
certainly not for the existence of so enormous a body as would be req[uired to 
shine like a star of the 8th magnitude, at a distance sufficiently great to 
cause a vast system of stars to put on the appearance of a very diluted, 
milky nebulosity. 

But what a field of novelty is here opened to our conceptions! A 
shining fluid, of a brightness sufficient to reach us from the remote regions of 
a star of the 8th, 9th, 10th, 11th, or 12th magnitude, and of on extent so 
considerable as to take up 3, 4, 6, or 6 minutes in diameter 1 

Can we compare it to the coruscations of the electrical fluid in the aurora 
borealis ? Or to the more magnificent cone of the zodiacal light as we see it 
in spring or autumn ) The latter, notwithstanding 1 have observed it to 
reach at least 90° from the sun, is yet of so little extent and brightness as 
probably not to be perceived even by the inhabitants of Saturn or the 
Georgian planet, and must be utterly invisible at the remoteness of the 
nearest fixed star. 

More extensive views may be derived from this proof of the existence of 
a shining matter. Perhaps it has been too hastily furnished that all milky 
nebulosity, of which there is so much in the heavens, is owing to starlight 
only. 

These nebulous stars may serve as a clue to unravel other mysterious 
phenomena. 

If the shining fluid that surrounds them is not so essentially connected 
with these nebulous stars but that it can ^ exist without them, wMdi 
seems to be sufficiently probable, and will be examined hereafter, we may 
with great facility explo^ that very extensive, telescopic nebulosity, which, 
as I mentioned before, is expanded over more than sixty degrees of the 
heavens, about the constellation of Orion ; a luminous matter accounting 
much better for it than clustering stars at a distance. In this case we may 
also pretty nearly guess at its situation, which must commence somewhere 
about the range of the stars of the 'Tth xnagnitude or a little farther from 
us, and extend unequally in some places perhaps to the regions of those of 
the 9 th, 10th, 11th, and 12th. The foundation for this surmise is, that, 
not unlikely, some of stars that happened to be situated in a more 
condensed part of it, or perhaps by their own attraction draw together 
some quantity of this fluid greater than what they are entitled to by their 
situation in it, will, of course, assume the appearance of cloudy stars ; and 
^ many of those 1 have named are either in this stratum of luminous matter, 
or very near it 



266 


THE METEOEITIG HYPOTHESIS 


PART V 


We have said above, that in nebolous stars the existence of the shining 
fluid does not seem to be so essentially' connected with the central points 
that it might not also exist without them. For this opinion we may assign 
several reasons. One of them is the great resemblance between the chevelure 
of these stars and the diffused extensive nebulosity mentioned before, which 
renders it highly probable that they are of the same nature. Now, if this be 
admitted, the separate existence of the luminous matter, or its independence 
on a central star, is fully proved. We may also judge, very confidently, that 
the light of this shining fluid is no kind of reflection, from the star m the 
centre ; for, as we have already observed, reflected light could never reach 
us at the great distance we are from such objects. Besides, how impenetrable 
would be an atmosphere of sufficient density to reflect so great a cpiautity of 
light ? And yet we observe, that the outward parts of the chevelure are 
nearly as bright as those that ore close to the star ; so that this supposed 
atmosphere ought to give no obstruction to the passage of the central rays. 
If, therefore, this matter is self-luminous, it seems more lit to produce a star 
by its condensation than to depend on the star for its existence. 

Many other diffused nebulosities, besides that about the constellation of 
Orion, have been observed or suspected ; but some of them are probably very 
distant, and run out far into space. 

For instance, about 5 minutes ui time preceding ^ Oygni, I suspect as 
much of it BA covers near four sf^uaro degrees ; and much about the same 
quantity 44' preceding the 125 Tuuri. A sjmee of almost 8 sfpiare degrees, 
6' prece<ling a Trianguli, seems to be tinged with milky nebulosity. 

Three minutes ipreceding the 4Gtli Eridani, strong milky nebulosity is 
expamlcd over more than two square d(»gre(»s, 54' ])receding the 13th 
Oanum venaticorum, and again 48' px*eceding the same star T found 
the field of view affected with whitish nebulosity tliroughout the whole 
breadth of the sweep, which was 2" 39', 4' following the 57 Oygni, a con- 
siderable apace is filled with faint, milky nebulosity, which is pretty bright 
in some places, and contains the 37th nebula of my Vth claas, in the brightest 
part of it. In the neighbourhoo<l of the 44th Pisclum, very faint nebulosity 
appears to be diffused over more than 9 mj[uare degrees of the heavens. 
Now, all these phenomena, as wo have alreaily seen, will admit of a much 
easier explanation by a luminous fluid than by stars at an immense distance. 

The nature of planetary nebulas, which has hitherto been involved in 
mudi darkness, may now be explained with some degree of satisfaction, since 
the uniform and very considerable brightness of their apparent disk accords 
remarkably well with a much condensed, luminous fluid i whereas to sup|>ose 
them to consist of clustering stars will not so completely account for the 
milkineae or soft tint of their lights to produce which it would bo required 
that the condensation of the stars should be carried to an almost inconceivable 
degree of accumulation. 
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The surmise of the regeneration of starS) by means of planetary nebulse, 
expressed in a former paper, will become more probable, as all the lominons 
matter contained in one of them when gathered together into a body of the 
size of a star would have nearly such a quantity of light as we find the 
planetary nebulee to give. To prove this experimentally, we may view them 
with a telescope that does not magnify sufficiently to shew their extent^ by 
which means we shall g^ither all their light together into a point, when they 
will be found to assume the appearance of small stars * that is, of stars at 
the distance of those which we ctdl of the 8th, 9 th, or 10th magnitude. 
Indeed this idea is greatly supported by the discovery of a well-defined lucid 
point, resembling a star, in the centre of one of them : for the argument 
which has been used, in the case of nebulous stars, to shew the probability 
of the existence of a luminous matter, which rested upon the disparity 
between a bright point of its surrounding shining fluid, may here be alleged 
with equal justice. If the point bo a generating star, the further accumu- 
lation of the already much condensed, luminous matter, may complete it in 
time. . . . 

I hope it will be found, that in what has been said I have not launched 
out into hypothetical reasonings ; and that facts have all along been kept 
sufficiently in view. But, in order to give every one a fhir opportunity to 
follow me in the reflection I have been led into, the place of every object 
from which I have argued has been purposely added, that the validity of 
what I have advanced might be put to the proof by those who are inclined, 
and furnished with the necessary instruments to undertake an attentive and 
repeated inspection of the same phenomena. 

This conclusion arrived at by Sir William Eerschel in this re- 
markable memoir seems to have made a profound impression upon 
his mind, and we had to wait for ten years before he returned to 
the subject. He did so in 1801,^ in a paper detailing "Astrono- 
mical Observations relating to the Construction of the Heavens, 
arranged for the purpose of a critical examination, the result of 
which appears to throw some new light upon the oxganisation of 
the celestial bodies,” In this paper he dassifles all the different 
kinds of nebulm which were then known to him, and specimens of 
which, as has been before stated, he really seems to have glimpsed 
in his paper of 1784 He points out thai^ in the classification 
which he proceeds to give, the bodies under consideration are 
treated in such a manner that each shall assist us to understand 


^ Trims, vol. oi 
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the nature and construction of the others ; and he endeavours to 
attain this end by assorting them into as many classes as are 
required to produce the most gradual affinity between the indi- 
viduals contained in any one class and those contained in that 
which precedes and that which follows it (p. 2'71). He remarks : 
“This consideration will be a sufficient apology for the great 
number of assortments into which I have thrown the bodies under 
consideration.” 

His classification may be stated as follows — 

1. Extensive diffused nebidosity . — Under this title he includes 
faint nebulosities stretching and branching over various portions of 
the sky, which he was the first to discover by means of the enor- 
mously increased optical power which he brought to bear. He 
states that “they can only be seen when the air is perfectly clear, 
and when the observer has been in the dark long enough for the 
eye to recover from having been in the light ” (p. 274). He gives 
fifty-two of these diffused nebulosities, which he had observed in 
the nineteen years from 1783 to 1802. He remarks that “exten- 
sive diffused nebulosity is very great indeed ; for the amount of 
it, as given in the tables, is 161-7 .square degrees ; but this, it 
must be remembered, gives iis by no means the real limits of it ; ” 
and he finally adds, “ It will be evident that the abundance of 
nebulous matter diffused through such an expansion of the 
heavens must exceed all imagination.” 

2. NsMositm joined to n^dee . — He refers to fourteen objects 
in which real nobulw arc distinctly associated with the above 
diffused nebulosity. 

3. Detached neJnilosUies . — ^He next mentions six cases in which, 
instead of the extensive diffusion referred to under the first head, 
the nebulosity is found detached, 

4. Milky Tiehuloc , — ^He here remarks that when detached nebul- 
osities are small we are used to call them nebulte, and ho shows 
that the nebulosities and the nebula, whatever may be their 
appearance, as well as those expressly called by him “milky," 
partake of the same general nature. 

6. Milky nebuloe wUh eondensedions . — ^He refers to the brightest 
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portions of the nebula in Orion as an indication of what he means 
by condensation ; then to another in which the gmtest brightness 
lies towards the middle ; and then he adds — 

By attending to the ciicumstanoes of the size and figures of this nebula 
we find that we can account for its greater brightness towards the middle in 
the most simple manner by supposing the nebulous matter of wMdi it is 
composed to fill an irregular kind of solid space, and that it is either a little 
deeper iu the brightest place, or that the nebulosity is perhaps a little more 
compressed. It is not necessary for us to determine at present to which 
of these causes the increase of brightness may be owing ; at all events it 
cannot be probable that the nebulous matter should have different powers of 
shining, such as would be reijuired independent of depth or compression 

(p. 282 ). 

6. NdtuUe wMdh are brighter in more than one ^Xcuee . — He 
lyMnnifttaa the general swelling of tire nebulous matter about the 
places which appear like nuclei with the unequally bright places 
in the dilTused nebulosities, and farther on be refers to universal 
gravitation “ as a cause of every condensation, ag^omeration, com- 
pression, and concentration of nebulous matter." 

7. BffMe nMaa with joinmg nAndmty . — He points out that 
“ in fifteen objects two nuclei or centres of attraction have been 
observed, and that if the active principle of condensation carries 
on its operation a diffusion of their at present united nebulosities 
must in the end be the consequence” (p. 286). , 

8. Double netniUs not more than 2' from eaeh other . — ^He points 
out that there are twenty-three of this class. 

9. Dmble netndee ai a greater distance than 2' from woh other. 

Of these he gives a hundred examples, pointing out that “there 

are not more than five or six which differ so much in brightness 
from one another that we can suppose them to be at any very 
considerably different distance from us” (p. 288), and he further 
adds that “ equal brightness or faintness runs through them all in 
general.” 

10. Treble, quaS/rv^ <md sesdu^U nMoe . — He refers to twenty 
treble, five quadruple, and one sextuple object of each kind. 

11. Very narrow long neirdee. 

12. Esdended ndndce. 
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13. Irregulm' neJmlce. 

14. Nebvlm that are of a% irr^idar rornidfigme. 

15. Bmmd ndndoa. 

16. Nelndoe that are remarkaile for some peeidiarity of figure or 
hr^Mness . — He ascribes this irregularity to the as yet imperfect 
concentration of the nebulous mass in which the preponderating 
matter is not in the centre (p. 300). 

17. NSmlco that are graclucdly a little hrighter in the middle, 

18. Nebidce wMeh are gradually "brighter in the middle, 

19. Nebulae tlwt are gradually miteh brighter in the middle. 

20. NcbuloB that are suddenly mjueh brighter in the middle, 

21. JRound nebula', increasing graduedly in brightness up to a 
nvNeus in the middle. 

22. Nebula} that have a nwleaas. 

23. Bmvnd ndxdm that duno a progression of condensation. 

24. Bmml nelndce that are of an almost uniform light. 

25. Nebid/o that have, a comehe appearame. 

2<i. Nderuh'd ncbdrr that show the. progress of emdensation. 

27. Nctnda'. that draw progremrelg towards the period of final 
eorulenmtion. 

28. Planetary nelmUo. 

Ill addition, Sir William Hci’schel in his various papers gives 
drawings illustrating the classification which has been above 
rofeiTed to.^ A more elubonite set of plates illustating the various 
gradationsof the diilbrent formswill be foundaccoiupanying his son’s, 
Sir John Herschel’s catalogue.® In those illustrations will bo found 
some forms of great interest not referred to by the elder Hersohol, 
Long parallel nebnlia, for instance, with a dark streak separating 
them, and ollijitic and ring uobulie. "With these oxcejilious, all 
the illustrations readily fall into Sir William Herschel’s classi- 
fication. 

Concerning tho ring nebuUu represented in his series of plates 
Sir John Herschcl wrote, in the valuable paper to which reference 
has been made : “ Comparing figures 25, 26, 27, 28, 29, and 48, it 

* Phil, Trams, vol. ct, Plato# 4 atwl B j and vol. dr., Plato 11. 

« Ibid. vol. pxxiil., 1888, Plates 8, 10, 11, 12, and 18. 
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will appear that the annular form, or on approach to it, is one of 
those which nebulee affect, and taken in conjunction with the ring 
of Saturn and the Milky Way, may lead us to conceive that some 
kind of analogy, however obscure, may subsist in all those cases.” ^ 
That the nature of this clearly evident analogy was not, how- 
ever, then regarded by Sir John Herschel as being satisfactorily 
traceable to a combination of gravitational with fluid mechanical 
properties of cdestial masses, is shown by his further treatment of 
the question of their physical states in nebulae, when speaking, in 
the following passages of the same important paper, of his drawings 
of nebulae having apparently spherical, lenticular, and other similar 
forms of revolution. “Spheroidal masses,” he writes, “of every 
degree of flatness from the sphere to the disk, and of every variety 
in respect of the law of their density and eUipticity towards the 
centre. It would be incorrect, however," he continues, “ to draw 
from this auiy inference as to the identity of the forces which 
maintain them in this form, wMi those which determine the 
oblate spheroidal form of a revolving fluid mass under the dominion 
of the law of gravitation, and subject to compression by the super- 
inorunbeut matter. If a nebula be ndthing more than a duster of 
discrete stars (as we have every reason to believe, at least in the 
generality of cases), no pressure can he propagated through it ; and 
its equilibrium, or to speak more correctly, the permanence of its 
form, must be maintained in a way totally different. In a system 
so constituted, no general rotation of the whole, as a moss, can be 
supposed. It must rather be conceived as a gmeseent form, com- 
prising within its limits an indefinite multitude of individual 
constituents, which, for aught we can tdl, may bo moving one 
among the other, and animated by its own inherent projectile 
force, and deflected into an orbit more or less complicated, by the 
influence of that law of internal gravitation which may result from 
the compounded attraction of all its parts. ... If the form bo not 
spherioal, and the distribution of the stars not homogeneous, the 
dynamical relations become too complicated to be distinctly 
apprehended, yet we may still conceive tliat something of an 
* FMl, Tram. 1888, vol. cxxiii. p. 488. 
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analogous result may subsist, and that both the external form and 
the internal density may be maintained (at least under certain 
conditions), for the mass as a quiescent whole, while all its elements 
are in a state of unceasing transfer and interchange ” ^ 

Speaking of his finely finished drawing of the siniple-lookmg 
Messier’s nebula, first seen to be double-headed and likened to a 
dumb-bell by his father, as apparently indicating also an oblate 
spheroidal figure in the fuller featured view which he obtained, 
and which he figured in these plates, of its dim lateral outline, and 
of the faint field of light distributed about its centre. Sir John 
Herschel’s view of the possible causes of this resultant form of 
revolution round the dumb-bell ” axis, is again expressed with the 
same evidently very needful cautious reservation as to the mode of 
physical action of the forces supposed to prevail and to be at work 
in it, as follows : — 

To this axis the comidetc figure is symmetrical, and if we am disposed 
to regard it as a muss in mtation, it is uljuut this axis that we must suppose 
it to revolve. In that ciiwj its rual fimu mtist that of an oblate spheroid ; 
and as it <lucs not follow that the bn'ghlest portions must of necessity bo the 
densest, this supposition wtaihl not be incompatible with dynamical laws, at 
least supposing its jwirts to Imj capable of exerting pressure on one another. 
But if it consist of discivt^ stars, this cannot be admitted, and we must liave 
recourse then to other Bui»j)ositionH to account for the maintenance of its 

The question of existence, or of non-existence, in nebular 
bodies, of some form of continuous shining and ponderable (rather 
than imponderable or ** ethereal ”) elastic “fluid,” remained thus in 
doubt, it is triuj, from the divergences represented and described 
in these new delineations of the forms, and fresh studies of the 
formative forces of nebular masses, as regards the results of theozy 

^ Phil Tntng. 183.% voh cxxiil. p. 601, lu tlio part of thiH (jactation which i« 
omitted thus, . , . above, mferunco ie iiiodo to tlio author’a diMwriptbn, on the la«t 
page of hlH treatiiio on ** AHtronomy in tho OabinH EticydopcBdia, of a pemanontly 
quieaoent 8pheri(*nl congregation of fnuuxncmhlo uniformly distributed equal stars 
gravitating towards each other, and pursuing without tho possibility of collision, 
elUfmes round the centro of the coUectivo system, which would, itself, be apparently 
quite destitute of any motion of rotation round any axis, 

« Phil Trails, 1838, vol exxiil p. 497, 
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and speculation, and those of observation. But, in these extracts, 
it is also plain that, without disguising the obscurity (rather meta- 
physical than physical) in which, as is natural to it, the question 
of such a " fluid ” seemed really to be enshrouded. Sir John Herschel 
expressed a perfect confldence and sure expectation of the eventual 
removal of all difficulties by some wider hypothesis than could 
then be formed of such a fluid’s nature (which the assumption of 
collisions now affords us the proper clue of), and by some more 
confirmatory observations than had then been collected, to unite 
and reconcile together the apparently conflicting disagreement. 

. Coming down to the work of Lord Bosse, we find that as early 
as 1846 he had convinced himself almost completely that no such 
thing as so-called nebulous fluid existed. In a letter to Nicol 
{ArcJtMecture of tJie Hcavms, p. 143), under date 19th March, re- 
ferring to the nebula of Orion, he states that he could "plainly 
see that aU about the trapezium is a mass of stars, the rest of the 
nebula also abounding with stars and exhibiting the chamcteristics 
of resolvability strongly marked.” 

The magnificent observations of the nebolse made by Lord 
Bosse will be found in the JPhUosophvsal Trmaaotiem for the years 
1850 and 1861, the latter giving an account of the work done by 
the 6-foot, and in the SemUfa J^manetions of tho Boyal JDiMm 
Soeiety foT 1880. In the volume for 1861, p. 702, Lord Bosse 
seems rather inclined to withdraw the very definite letter which 
has been previorudy quoted, and states that, “When the letter B, 
meaning that the nebula is resolvable, has been used, he does not 
attach much importance to the expression of opinion it conveys, 
because the question of resolvabilily can only be successfully in- 
vestigated when the air is steady and the speculum is in fine 
order.” 

This state of uncertainty, liowover, did not last long; for in 1864 
Dr. Huggins demonstrated that the speefoum of several planetary 
and other nebulse 'which he examined, instead of gi'ving spectra 
like those of the stars, gave one of bright line»~one of the lines 
being due, as he asserted at the time, to hydrogen ; the other, as 
it appeared to coincide with one of the components of a well- 
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know double line of nitrogen near, was supposed to represent “ a 
form of matter more elementary than nitrogen, and wMcb our 
analysis bas not yet enabled us to detect.”^ 

In the subsequent chapters I shall have to show how recent 
investigations of the spectrum of the nebulae have enabled us to 
obtain already an immense mass of new information, so that any 
views as to their origin can now be subjected to a considerable 
number of tests. 

I must add here also that any views relating to the structure 
of nebulce, as revealed by their forms, are now placed on a much 
firmer basis by photographs which we owe to the researches of 
Messrs. CJommon and Eoberts ; the latter especially, by the long 
exposures which he has employed, extending sometimes over four 
hours, has revealed to us details of structure which entirely escape 
the eye, even in the most powerful instruments. I must here 
e.xpress my obligations to Mr. Eoberts for the permission he has 
given me to enrich the book with untouched copies of these 
priceless records. 


' na. Tntm. 1804, p. 441. 
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I KO'cr proceed to sammarise the spectroscopic observations of 
nebulffi which have been made since Dr. Huggins's important dis- 
covery, referred to in the last chapter, giving in the first instance 
his earliest observations somewhat in detail 

The spectroscopic investigations of these interesting objects 
began in 1864 with a planetaiy nebula in Draco, No. 4373 in 
Herschel’s General Catalogue.^ The light appeared almost mono- 
chromatic, and seemed all concentrated in a strong bright line in 
the green. A closer examination, however, showed a very much 
fainter and narrower line farther in the blue, and an exceedingly 
faint line at about three times the distance from the second line 
that the second line was tcom the fist. "Besides these lines,” 
said Dr. Huggins,* “ an exceedingly &int spectrum was just per- 
ceived for a short distance on both sides of the group of bright 
lines. I suspect this is not uniform, but is crossed with 
dark spaces. Sabseq,uent observations on other nebulce induce 
me to regard the faint spectrum as due to the solid ox liq^uid 
matter of the nucleus, and as quite distinct from the bright lines 
into which nearly the whole of the h'ght from the nebulee is 
concentrated.” 

A nebula in Oygnus (H 4614} showed the same three bright 
linos, but in addition a much brighter continuous spectrum could 
be traced.* 

1 M Traiu., voL cliv, p. 48?. » lUd. p. 488. * Hhi. p. 489. 
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Another nebula (H 4964), annular as that in Lyra, gave a 
spectrum in which, besides the three bright lines previously de- 
scribed, a fourth excessively faint line could be seen. Dr. Huggins 
defined the place of the line as follows : ^ “ This line is about as 
much more refrangible than the line agreeing in position with F, 
as this line is more refrangible than the brightest of the lines 
which coincides with a line of nitrogen.” 

In the spectrum of the Dumb-bell nebula in Vulpecula Dr. 
Huggins only saw one bright line, and this corresponding to the 
brightest of the lines represented in all the other nebulae. The 
character of the line was thus described : ® “ This line appeared 
nebulous at the edges. No traces of the other lines were perceived, 
nor was a faint continuous spectrum detected.” 

The Andromeda nebula and its bright companion were also 
observed. Both these objects gave exactly similar spectra, of 
which the following is Dr. Huggins’s description : ® “ The spectrum 
appears to end abiuptly in the orange, and throughout its length is 
not uniform, but is evidently crossed either by lines of absorption 
or by bright lines.” But there were no indications of the bright 
lines that had been seen in the other nebulm. 

From these observations Dr, Huggins concluded ^ that nebuhe, 
which gave a spectrum of bright lines, could not be regarded as 
aggregations of suns. In his words: “We have in these objects 
to do no longer with a special modification only of our own type of 
suns, but find ourselves in the presence of objects possessing a 
distinct and peculiar plan of structure.” 

In January 1805 the Great Orion nebula was subjected to a 
spectroscopic examination by Dr. Huggins.® All the bright parts 
of the nebula were successively brought upon the slit of the 
spectroscope, but the spectrum remained the same, and consisted, 
according to Dr. Huggins, of three lines only. This result is 
very curious in the light of more recent work. It was also 
noted that the lines were free from any trace of continuous 
spectrum. 

» PhU. Tram., vol. eliv. p. 441. » lUd. p, 441. * IhiA, p. 441. 

* PM. i>. 442. ' Pm. & 8 ., toI. xir. p. 88. 
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Dr. Huggins came to the following condusion at the end of 
this paper, regarding the constitution of nebulae : ^ “ My observations, 
as far as they extend at present, seem to be in favour of the 
opinion that the nebulae which give a gaseous spectrum, are 
systems possessing a structure and a purpose in relation to the 
universe altogether distinct and of another order from the great 
group of cosmical bodies to which our sun and the fixed stars 
bdong.” 

Secchi also observed the spectrum of the Orion nebula in 
February and March 1865.^ He saw and determined the relative 
positions of the three conspicuous nebula lines, and noted in 
addition, “At certain moments I appear to see some other lines.” 
The positions of the lines could only be roughly determined even 
by such an experienced observer. The micrometric readings for the 
three lines were reduced by D’ Arrest, with the resulting wave- 
lengths* 600-8, 497-0, 486-1. 

Some further observations on the spectra of nebulm were com- 
municated by Dr. Huggins to the Boyal Society in 1866.^ In the 
spectrum of one of the nebulae that was observed (H 4403), one 
line, and one line only, was seen ; the same was recorded in the 
spectrum of the Dumb-bell nebula. Of this line Dr. Huggins again 
remarked .-* “When the slit was made as narrow as the intensity 
of the light would permit, this bright line was not so wdl defined 
as the corresponding line in some of the other nebulae under 
similar conditions of the slit, but remained nebulous at the edges.” 
And again, referring to the ^ectrum presented by another nebula 
(H 4572), he noted:* “The spectrum of this nebula consisted 
of one bright nebulous line of the same refrangibility as the 
brightest of the lines of nitrogen. Ho other lines were tertoMy 
seen.” 

Also, in the spectrum of nebula (H 4627) the undefined con- 
dition of the brightest of the nebula lines was noted in the words : '' 
" One bright line only was distinctly seen, of apparently the same 

* JProa JR vol. adv, p. 42. 

^ Spetiri Mte StcUe Fiasst 1867. 

* Un3mXigdser over JN^ehUoae S0emer, p. 47. ^ PhiL Frans,, 1866, p. 865, 

* im, p. 885, « /Md p. 886. ^ p, 887. 
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refrangibility as the brightest of the nitrogen lines. This bright 
line appeared by glimpses to be double. Possibly this appearance 
■was due to the presence near it of a second line.” 

In this paper Dr. Huggins dmded the nebulae spectroscopically 
into two groups. In one we had the n^vla line par excellerioe — 
that, namely, which, according to Dr. Huggins, coincided with the 
brightest line of nitrogen (which is reaUy a coarse double) with or 
without other lines, while in the other a continuous spectrum was 
the main characteristic. Many of the spectra, however, included 
in this latter class indicate a decided want of uniformity in the 
continuity of the spectrum. Thus, it was noted of (H 1949) ^ that 
the red end of the spectrum was wanting, or very faint. A similar 
observation was made of (H I960)," in which nebula, moreover, 
the defect was still more marked. Of a nebula (H 3672) Dr 
Huggins remarked “Spectrum continuous, a suspicion that some 
parts of the spectrum were abnormally bright relatively to tlio 
other parts ; ” and of (H 4230) it is recorded : ■* “ Spectrum ends 
abruptly in the orange. The light of the brighter parts is not 
uniform ; probably it is crossed either by bright lines or by lines 
of absorption.” The nebula (II 4486) also gave a continuous 
spectrum, b;it there was a suspicion of unusual “ brightness in the 
middle ijait of the spectrum.”'”’ Ho attempt, however, seems to 
have been made to define the positions of tlieso maxima and 
minima. 

Dr. Huggins communicated to the Eoyal Society in 1868 some 
further observations on the spectra of nobuhn, with a view to deter* 
mine whether those bodies were moving towards or from the earth.® 
Tlie Great Hebula of Orion was especially examined, and the 
positions of the bright lines determined. Those determinations 
will be found at the end of this chapter. Of one of the lines, that 
in the position of Fraunhofer’s P, Dr. Huggins noted : “ The sub- 
stance in the nebuhe which is indicated by tliis line appears to be 
subject to much greater variation in relative brilliancy, or to be 
more affected by the conditions under which it emits light j for 

> PkU. Tram,, 1866, p. 888. « Ibid. p. 888, » im, p, 889, * IMd. p, 889. 

• Ibid, p. 889. • Hid, 1868, p, 629. ^ Ibid, p. 646. 
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while the brightest line is always present, the line of which I am 
speaking seems to be wholly wanting in some nebulae, and to 
be of different degrees of relative biightness in some other 
nebulae” 

Lord Oxmantown also observed the spectrum of the Orion 
nebula in 1868.^ He described the lines as follows: “Tlie least 
refrangible was the brightest, the most refrangible was next in 
brightness, and the middle line the faintest. Both Mr. Ball and 1 
were almost certain that there was in addition to the throe bright 
lines, a faint continuous spectrum; to luo theie appeared to be a 
dark space in the less refrangible side of the least rcfrangiblu line, 
A continuous spectrum would probably explain this appearance. 
. . . We also suspected a very feeble light at the other side of the 
three bright lines." 

I have noted in a former part of this chapter that Dr. Huggins 
observed a fourth bright lino in nebula {II 49C4). The pisition 
of this line, as deduced from the rocoitl given by Dr. Huggins, 
%voul<l be about X 4'70, The hydrogen U at X 484 apjamrs, 
however, to have been added to tl»o list of nebula lines. Lieu- 
tenant J. Herwihel, who observed the spectrum of the Orion nebula 
in October 1808,® recorded as follows ; “A fourth line, almost be- 
yond question, measured twice with reference to principal line;” 
and on 7th November again noted: “The fourth line is a fact. 
The diffused light, which also is certainly visible, to the extent of 
tendering the edges of the Md visible beyond tlio immeclinte 
neighbourhood of the lines, can only be a continuous spectrum." 
The position of this line, here recorded for tho first time, was 
measuro<l by Lieutenant Hersohol as midway between 272*1 and 
285*5 on Kirchhoifs scala Tliia would be the place of hydrogen 
Gr at X 434, and is therefore not tho same os that seen and described 
by Dr. Huggins as existing in (H 4904). 

A series of observations of the spectra of nebuhe was mode at 
Harvard College Observatory under the direction of Professor 
Wmlock, in September, Octobw, and November 1868.® Tho nebula 

‘ mu, Trmn., 1868, p. 78, * Pm, A S., vol. xviii,'p. 807. 

* Awtah, Uarvnri OoUege Ob$ervtaietu, vol. xiii, ]«rt {„ ji, 66, 
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noted above (H 4964) was spectroscopically examined and described 
as follows : “ Four lines, sometimes very distinct, even bright, 
X 5000 (coincident with air line), 4960, 4870, 4690 ; this last line 
not found in the spectrum of the great nebula in Orion (H 1179), 
where there is another considerably more refrangible.” Many 
other spectra of nebul® were examined and the wave-lengths of the 
bright line determined. In the Orion nebula lines were measured 
at 5010, 4960, 4870, and 4370. I have determined the mean 
wave-lengths, from all the measures given by Professor Winloch, 
of the three brightest nebula lines, and find them to be 500'5, 
49G‘0, and 486'0 respectively. 

Another observer of the Orion nebula, Le Sueur, in February 

1870, noted : ^ “ From Mr. Huggins’s observiitions of the nebula 
in Orion I gather that he has seen only the three usual lines ; 
with a wide slit, I had lately a very strung suspicion of a fourth 
line, probably G.” 

Yogel made a series of observations of the spectra of nebuhe in 

1871, ° The following are his measurements of the wave-lengths 
of the three principal lines : — 


Orion nelmla 

500*3 

495*9 

480*0 


500*3 

496*7 

480*2 

General Catalogue, Na 4234 

500*5 

495 -G 

486*2 

„ „ 4373 . 

500*7 

495-G 

480*9 

„ „ 4300 . 

500*5 

496*8 

480*3 

„ „ 4447 . 

600*7 

496*9 

... 

« « 4510 . 

5(^0*8 

495 

... 

Mean wave-lcngtlii) 

500*63 

4a6-e4 

480*32 


In the spectra of other nebulso, bright parts, similar to those 
described by Dr. Huggins as occurring in apparently continuous 
spectra, had their wave-lengths determined by Vogel. Thus in 
H 4234 he noted that in addition to the three nebula lines there 
were bri^t parts at 618 and at 554. The continuous spectrum 
extended firom 570 to 480, Again, in H 4373 the continuous 

* Proe. R, 8,, voL sdx, p. 18. * BoUt, Beob., Heft 1, 1872, p. 68, 



CBAP. ZZT 


THE SPECTRA OF THE NEBULJE 


281 


spectrum extended from 530 to 450, and bright stripes were seen 
at 527, 518, 509, and 479. This was in addition to the three 
bright nebular lines. In the spectrum of H 4390 also bright lines 
were measured at 554, 518, and 479, in addition to the other 
nebular lines. 

The spectrum of the ring nebula in Lyra was supposed by 
Dr. Huggins to be absolutely monochromatic. Vogel, however, 
measured the second nebula line at 495*9, and also suspected the 
third line at 486. 

The Dumb-bell nebula, observations of which by Dr. Hug- 
gins are mentioned in this chapter, was also examined by 
VogeL Only one line was seen, which was measured at 500*4. 
Vogel noted that this line was less defined on the violet 
edge,^ his observation of the spectrum of this nebula 
agreeing in every respect with that made by Dr. Huggins in 
1864. 

Dr. Hu^ins resumed his observations of the Orion nebula in 
1872.® Four lines were seen and recorded, although in previous 
observations he had only observed three. It is noted, however: 
"The fourth line was first seen in nebula H 4964." I have 
pointed out in a former part of this chapter that the line here 
referred to is not the same as that first recorded by Lieutenant 
Herschel as existing in the Orion spectrum. It was not therefore, 
until 1872 that Dr. Huggins recorded the G- line of hydrogen in the 
spectrum of the Orion nebula. 

D’Arrest published an exhaustive account of nebular spectra 
in 1872.® He mainly considered the observations that had been 
made of the positions of the bright lines, with a view to deter- 
mine their exact wave-lengths. I have referred to some observa- 
tions of the spectra of nebula made by Lieutenant Herschd in 
1868.* D’Arrest reduced a series of micrometric measurements 
of the brightest nebula line made by this observer, with the 
following result : — 

I SOt. Sca„ Heft 1, 1872, ^ 6«. * Pne. R. A, vol. xz. p. 888. 

* IMMigelter <ner Mhtilote Stjmhert Copeslicigen, 1672, p. 22. 

* Pros. A A, rol. xvL p. 461. 
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Catalogue, No. 

Wave-lengtli of Line. 

11*79 (Orion neb.) 

501*7 

1667 

501*0 

2102 

500*8 

2197 

493*4 

2581 

499*8 

2917 

500*6 

4066 

499*8 

4361 

497*2 

4390 

504*9 

4403 

490*8 

4407 

499*4 

4510 

604*4 

4628 

501*0 


The mean wave-length given by this series is 600'36, and from a 
consideration of all the measurements that had been made of 
the bright nebula lines, D’Arrest adopted the mean wave-lengths 
500-40, 495-66, and 486-OG for the nebula lines 1, 2, and 3 re- 
spectively. 

This observer directed particular attention to the relative 
intensity of the linos ; thus, in the Orion nebula, the comparative 
brightness of the three lines, 600, 495, and h’, was represented by 
the numbers 100, 24, and 71. In H 4234 on August 1872 the 
comparative brightness of the lines was estimated as 100 -.70: 25. 
And again, in H 4373, observed in Fobraaiy and March 1872, the 
two lines 495 and 486 (F) were nearly eq[ual in intensity, being 
proportionally represented by 60*5 and 60-5 respectively, the 
brightest line having an intensity 100. From these measures 
and Dr. Huggins’s observations (loo. dt.) it will be noted tliat 
the nebula lines are subject to coirsiderablo variations in relative 
brightness. 

In 1876 Bredichin made some observations of the spectra of 
nebulsB for the purpose of determining the exact wave-lengths of the 
three principal lines.^ The mean of a series of observations gave the 
positions 600-39, 495-79, and 486-92, with probable errors of ± 1-2, 
± 1-4, and ± 8-1 respectively. A similar set of observations were 

> Annals ds PObservatoire ds iTosem, toL it, 1876, p. 80. 
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loade by Bredicbin in 1877, and he noted “When the sky was 
not perfectly serene, the slit of the spectroscope had to be wider 
than for the snn. In this case the line A [500] looked like a band, 
a little more defined towards the red.” 

The Eev. T. W. Webb discovered a new planetary nebnla in 
1879, and its spectrum was examined by Copeland and Lohse.® 
Bright lines were measured at 600-1, 495-7, and 487-0. In 1880 
Copeland again examined the spectrum of this nebula, and also 
that of a similar object discovered by himself.® Bright lines wei-e 
measured in the Webb nebula at 601*9, 496-9, 487-2, and 469-4. 
Determinations were also made of the positions of the Hncs in 
Copeland’s nebula, with the result — 

Copeland . . 501-2 406-1 486*1 

Lohse . . . 500-C 406-0 487-0 

The fourth line at 469 was certainly seen in the spectrum of this 
nebula, but its wave-length was not determined. Of this line Cope- 
land remarked :* “ The fourth lino is not improbably of the same 
wave-length as the one seen by Dr. Huggins in General Catalogue, 
4964, who thus describes its position : ‘ This line is about as much 
more refrangible than the line agreeing in position with P, as this 
lino is more refrangible than tho brightest of tlie lines which coin- 
cides with a lino of nitrogen.’ " 

This observation of Dr. Huggins has been referred to in a 
former part of the chapter. Copeland remarked also : “ The fourth 
line agrees well with an oxygen line, and it may be mentioned that 
the spectrum of CH ^ows also a band in the same region. On the 
other hand, it is entirely distinct from the fourth line of the Orion 
nebula, which is readily seen with tho Dunecht instruments, and 
which is most probably coincident with Hy, wave-length 434-0." 

Dr. Hxiggins photographed the spectrum of the Orion nebula in 
March 1882.® The photograph showed a line at wave-length 
3730, in addition to the other four lines about 434, 486, 496, and 
500, which had been pre-dously observed in tho spectrum of this 

* AmutbihFOliiervaioiredeJlfoietiff, vol. iii., 1877, p. 120. 

* MawOily Niitkss, voL xL p. 90. * Oepemieia, vol. 1. p. 2. 

* Ibid, p. 3. * JProe. R S., voL xxxiiL p. 425. 
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nebula. The description reads as follows : “ In the photograph the 
lines which had been observed in the visible spectrum are faint, but 
can be satisfactorily recognised and measured. In addition to these 
known lines, the photograph shows a relatively strong line in the 
ultra-violet, which has a wave-length SYSO or nearly so. The wide 
slit does not permit of quite the same accuracy of determination of 
position as was possible in the case of the spectra of stars. For the 
same reason I cannot be certain whether this line is really single, 
or is double or multiple.” 

Also in March 1882, after eighteen months’ trial, a photograph 
of the spectrum of the Orion nebula was taken by Dr. Draper in 
America.^ There is, however’, some difference between the two 
photographs, for Dr. Draper noted : “ The hydrogen line near G, 
wave-length 4340, is strong and sharply defined ; that at 7t, wave- 
length 4101, is more delicate, and there are faint traces of other 
lines in the violet. ... I have not found the line at X 3780, of 
which Dr. Huggins speaks, though I have other lines which he 
does not appear to have photographed. This may be due to the 
fact that he had placed his slit on a different region of the 
nebula, or to his employment of a reflector and Iceland spar 
prism, or to the use of a different sensitive preparation. Never- 
theless, my reference spectrum extends beyond the region in 
question.” 

I should here say that recent photographs taken by myself at 
"Westgate-on-Sea show that the former conclusion is the explana- 
tion of the circumstance, and that different pai’ts of the nebula give 
different spectra. 

Dr. Huggins had observed in 1864 a sort of discontinuity in 
the spectrum of the nebula in Auudromeda, and in 1885 Mr. 
Backhouse noted:® “I think the spectrum of the nucleus of the 
nebula is not simply continuous, but has two or three more bright 
bands on it.” 

Dr. Copeland observed and mapped the spectrum of the Orion 
nebula in 1886.® He measured the wave-length of bright lines at 

^ Amer, Joum, voL xxUL, 1882, p. 839- 

* MoiMy Notice$t rol. xlviii. p. UO. • Ihid* p. 360. 
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500‘4j 495'8, 486*1, and 434*2; and in addition to these lines, 
of which the existence was kno\vn, he saw another line a little 
more re&angible than D, and 38 measurements defined its 
position as X 587*4. Again, in January 1887, another faint line 
was seen, and as far as coidd be made out, its wave-length was 
about 448. 

In November 1887, in a communication to the Soyal Society, 
I pointed out that some of the lines of unknown origin recorded 
up to that time occupied places near those due to magnesium, 
thereby suggesting that the light of the nebulie, like that of comets, 
was in part due to collisions between meteorites ; but it at once 
became obvious that however this might be, the real test lay in the 
manifestations of carbon, which in the comets is so abundant. 
Hence observations were made to determine whether or not in 
those nebuL'e which gave a quasi - continuous spectrum, and 
which, on the collision theory, would bo densa* tlian the others, 
any evidence of carbon could bo traced ; tlie appearance of carbon 
generally following that of hydrogen in glow-tubes as the pressure 
is increosuih 

The study of the spectrum of the Andromeda nebula from this 
point of view was commenced by my assistant, Mr. Powlcr, at 
South Kensington in. 1888.^ He noted — 

The trpeotrom is almost entirely wanting in rod and yellow light In 
the green there are two maxima, the brightest of which is at wave-length 
517, OB near as could be determined, with the wide slit which it was neces- 
sary to employ ; the other nuudmum is near 546. Another brightness near 
474, as determined by cennparieon with the Bunsen burner, was also sus- 
pected, but it was not so easy to measure as the others. Tltis has since been 
found to be coincident with the carbon fluting 468—474. 

Mir. Taylor also, at my suggestion, observed the same 
nebula in 1888 at Sir H. Thompson’s Observatory, and found 
maxima at wave-lengths 517*4 and 547*3. Another maximum 
was suspected in the blue, but its position was not fixed. 

About the same time Mr. Taylor brought several new lines to 


> Fnx, E, S,, voL xlv. p. 215. 
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light in the nebula of Orion.^ In addition to the four lines 
recorded by Dr. Huggins, five lines were observed and the wave- 
lengths determined as — 58’72*6, 5592, 5200, 5001, 4953, 4863, 
4703, 4470, and 4340*5. The appearances of the lines were 
described as follows — 

The 5001 line ib by far the brightest in the spectrum. . . . The F line 
was a little brighter than the 4053, and these two lines and the fainter 
hydrogen G (434) were always sharp and comparatively easy to measui'e. 
The 5872 is faint, but, being beyond the continuous spectrum, it is not so 
difficult to see as the 520. A rather wide slit is necessary to see these, but 
I have frequently seen them both with the slit sufficiently narrow to clearly 
separate the 5001 and 4953. Of the other lines, 4706 has been most fre- 
quently seen, but the continuous spectrum and the faintness of the line 
render the measurements of position difficult The 4470 and the 6592 
were very faint indeed, and have not been seen since 27th November, but 
then their positions were ascertained from four measurements of each. 

I have tabulated below the reduced micrometer readings 
and the other determinations of the wave-lengths of the three 
brightest nebula lines that have been refen'ed to in this chapter. 
Tollowing this will be found another tabular statement setting 
forth all the chief observations of nebula lines up to the end of 
1888. 


Huggins, 1864 . 

Secchi, 1866 
Huggins, 1868 . 

Herschel, 1808 , ' . 

Professor Winloch, 1868 (moan) 
Vogel, 1871 (moan) 

Huggins, 1872 . 

Bmlichin, 1876 (mean) . 
Copeland, 1879 (mean) . 
Huggins, 1882 . 

Copeland, 1 886 . 

Taylor, 1888 . 


486*1 

... 

500*3 

486*1 

497*0 

500*8 

486*1 

... 

500*8 

486*0 

496*0 

600*36 

485*0 

496*0 

600*5 

486*3 

495*6 

500*5 

486*1 

495*7 

600*5 

485*92 

495*79 

500*39 

486*7 

496*3 

601*06 

486*1 

495*7 

500*5 

480*1 

496*8 

500*4 

486*3 

495*3 

500-1 


^ MorUMif Notic68^ vol, adix. p. 124. 
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CHAPTEE XXVI 


COMPABISON BETWEEN THE SPECTRA OF NEBTTLiE AND COMETS 

Having thus become aoq.uainted with the position of many lines 
recorded in the spectra of these mysterious denizens of space, up 
to the end of 1888 and chiefly by recent work, the next thing we 
Iiave to do is to inquire whether the spectra, and therefore prob- 
ably the bodies themselves, are in any way akin to those with 
which we are already familiar — we have so far studied comets. 
The first question which arises then is. Are the spectra of nebulm 
similar to those of comets, and if not, how do they differ? 

If the difference between nebuliB and comets is merely one of 
cosmographical position, one being out of the solar system, and 
one being in it ; and further, if tlie conditions as regards rest are 
the same, the spectrum should be tlie same. If a nebula resembles 
a comet physically and when it approaches the undisturbed 
cometary condition, — that is, when the number of collisions is near 
a mim’mnm, near aphelion, — the simplest spectrum of the comet 
should be reproduced. 

As a matter of fact the chief nebula line, according to Dr. 
Huggins, occupies the same position in the spectrum as the single 
line seen in comets of 1866 and 1867, when they were observed 
away from the sun. It is probable also that this same chief 
nebula line was seen by Konkoly in his observations on the Great 
Comet (p) 1882, six weeks from perihelion. It was also probably 
seen by Vogel in Coggia's Comet (IV. 1874) as a bright line at 
about 499, when the comet was yet a month from perihelion, and 
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when therefore the appearance of the low temperature character- 
istic of the magnesium spectrum would be expected. 

It is fair to myself to say that I was not aware of these 
observations when I began my researches. The fact of the line 
at 500 remaining alone in Nova Oygni, however, made it clear that 
if my views were correct, the same thing should happen with 
comets. It now turns out that the crucial observation which I 
intended to make was mode more than twenty-four years ago. 

This spectroscopic evidence is of the strongest, but it does not 
stand alone, for, as I have shown, comets at aphelion present, for 
the most part, the telescopic appearance of globular nebnhe. 

If it be taken as generally accepted that comets are of nebulous 
origin, it must be remembered tliat there are no visiMe ncbulte 
near enough to our system to supply this material. Prior, therefore, 
to the effects produced by solar or planetary attraction, the material 
was in a state of repose ; tltore were no collisions, and therefore no 
luminosity. It is not suzin'ising, tlien, that the faintest comets 
and the faintest uebnlm should both, as a rule, be of globular form. 
In the case of the lowest tcmiiemtnro swarms inside and out- 
side the system, the spectra, so far as published observations can 
decide the question, are identical. In this cose the comparison is 
eai^, because a comet at aphelion is practically out of reach of the 
sun's influence, and exists almost as a nebula. 

But when we come to the hotter st{^^s in the history of comets, 
the conditions arc differentb The vapours produced by collisions 
in the comet are subject to a solar repulsion as well as to the 
gravitational attraction of the sun, whereas in nebuhu, whatever 
their nature, there can be no such repulsion. In this way the 
finer products of collisions in comets will be driven away, and we 
should accordingly expect to find differences between the spectra 
comets near tlic sun and nebulte at corresponding temperatures. 
Notwithstanding this repulsion, however, the spectra should coxre* 
spond so far as the denser vapours are concerned, if they are in 
my way similarly constituted. 

Wo now proceed then to make the comparison which will 
snable us to answer the question. 

TT 



290 


TEE METEOBITIG HYPOTHESIS 


PART V 


For comets we use practically the same lines as in Chapter XXI. 
For the nebulae, all the lines recorded in the visible spectrum 
by Messrs. Huggins, Vogel, Copeland, Fowler, and Taylor, recorded 
in the last chapter, are given. 

The Great Comet of 1882 and Comet Wells, when near peri- 
helion, are excluded from the list of cometary lines and flutings, 
as their temperature was too high for fair comparison with most of 
the nebulae and other low temperature phenomena. 

In cases, however, where any of these higher temperature lines 
correspond to lines in the nebula spectrum, they have been added 
to the list of cometary lines, in brackets, as sometimes the pheno- 
mena compared may attain a temperature slightly higher than that 
of comets at mean temperature. 

The comparison then stands as follows — 


Comets. 

Nebuk*. 

Probable Origins. 

X of Probable 
Oiigins. 


411 

H 

410 

431 

, , 

CH 

431 

. * 

434 

n 

434 

. . , 

447 

? 


468-— 474 

4(58—474 

C (licit) 

468—474 

. . . 

479 

1 

. . . 

483 

. . . 

a (cool) 

483 

486 

486*3 

H 

480 

. . , 

495 

? 

. . « 

500 

500 

Mg 

500 

. . . 

509 

? 

■ • . 

017 

517 

0 (hot) 

517 

519 

... 

0 (cool) 

519 

521 

520 

Mg 

521 

[527] 

527 

Fe 

627 

546 

540 

?1> 

546 

, , , 

554 

? 

M 9 * 

558 

569 

Mn 

558 

561 

.. • 

0 (cool) 

561 

564 

... 

0 (hot) 

564 

568 

... 

Pb, Na 

568 


6872 


... 


The table shows that there are many striking similarities 
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between the two spectra, and there is no doubt that many of the 
lines are identical The flutings of hot carbon, for example, are 
common to both, as are also the flutings of magnesium, manganese, 
and lead. The hydrogen line 486 has only been seen in one comet, 
namely. Comet IIL 1880, by Konkoly.^ 

Other flutings and lines again are special to comets and others 
to nebulae. Thus, there are practically no indications of hydrogen 
in comets, although the hydrogen lines are amongst the brightest 
in nebulae. Again, the lines 447, 479, 495, 509, 554, and 5872 
are seen in nebulae, but not in comets. On the other hand, the 
cool carbon flutings and the fluting at 568 are seen in comets, but 
not in nebulae. Most of these apparent discrepancies are explained 
by a consideration of the differences in the conditions of comets 
and nebulae. It must be remembered that in the case of comets 
there is an action which repels He vapours produced by collisions, 
and the vapours first affected wiU, of course, be those which are 
least dense. Hydrogen wiU thus be replied from the comets, 
whilst the denser vapours of magnesium and carbon remain. 
There is then a good reason why hydrogen lines should nd be 
seen in cometary spectra. As there can be no such repulsion in 
the sparse swarms which constitute nebulae, hydrogen lines are 
seen in them. 

The line at 527 is probably the iron line E; this was seen in the 
hotter comets, namely. Comet Wells and the Great Comet of 1882, 
so that there is no discordance with regard to the appearance of 
this line The other lines special to nebulae are 479, 495, 509, and 
564 ; but as no origins for these have yet been determined, it is 
not possible to explain their absence from cometary spectra. It is 
not improbable that 554 is an error in measurement for the man- 
ganese fluting at 558, the latter having been recorded by Mr. 
Taylor in the nebula of Orion. 

Mr. Eowler has attempted to compare this line, as seen in the 
planetary nebula G.C. 4373, with the manganese fluting, but the 
line was so faint with a 10-inch that no reliable comparison could 
be made. The line is certainly not far from the manganese fluting. 
* ffOyaUa O^unaHmt, 1881, p. 5. 
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The apparent absence of the cool carbon flutings from nebulae 
is in all probability due to insufficient observations, as indicated 
by the discussion of comets. The lowest temperature (magnesium) 
and the hot carbon stages of comets are both represented in 
nebulae, and the intermediate cool carbon stage is therefore not 
likely to be entirely absent. 

The absence of the hot carbon fluting at 664 from the spectra 
of nebulae may possibly be due to either of two causes. It is much 
fainter than either 517 or 468 — 574, and may have escaped notice 
on that account ; or, as in the nebula in Andromeda, it may be 
masked in the same way as in comets. 

Two other lines special to nebulae are 5872 and 447. These 
lines are generally observed in the hottest regions of the Sun that 
we can get at with our instrumental means. They have been 
named Dg and / by solar observers. ' The evidence lends to show 
that they are probably produced at the Sun by the dissociation of 
hydrogen or some other substances, and hence there is even greater 
reason for the absence of these lines from cometary spectra, even 
were the tempemture higher, than for the absence of the lines of 
hydrogen. 

With reference to the appearance of Dg in nebulas and bright- 
line stars, I wrote, in November 1887 — ' 

It is right that I should here point out that some observers of bright 
lines in those so-called stai's have recorded a lino in the yellow which they 
affirm to be in the position of Dg ; while, on the other hand, in my experi- 
ments on meteorites, whether in the glow or in the air, 1 have scon no line 
occupying this position. 

I trust that some observer with greater optical means will think it 
worth his time to make a spooiol inquiry on this point The arguments 
against this line indicating the spectrum of the so-called helium are absol- 
utely overwhelming. The helium line so far has only been seen in the very 
hottest part of the Sun which we can got at. It is there associated with b, 
and with lines of iron which require the largest coil and the largest jar to 
bring them out, whereas it is stated to have been observed in stars where 
the absence of iron lines and of b shows that the temperature is very low. 
Farther, no trace of it was seen in Nova Cygni, and it has even been 


* Mo}/. Soe. Pros., vol. xliii. p. 1S9. 
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recorded in a spectrum in wliich C was absent, and once ae the edge of 
a dating.^ 

It is even possible that the line in question merdy occupies the position 
of D3 by reason of the di^lacement of D by motion of the “ stars ” in the line 
of sight On this point no information is at hand regarding any reference 
spectrum employed. 

If, how&ver, it should emitually he established that the Ime is really 
iMch probably repraenit a Jim Jorm tf hydrogen, it can only be euggeited (hat 
the degree ofjinenm vdmh ie brought ahottt by tempmehm in the cate of the Sun, 
w brought about in the epaeee betuxen meteoritee by eatreme tenuMy. 

The observations of Dr. Copeland ® have now, I think, estab- 
lished the identity of the yellow line, in the nebula of Orion at 
all events, with D,. In a letter to Dr. Copeland, I suggested that 
the line at 447 was in all probability Lorenzoni’s/of the chromo- 
sphere spectrum, seeing that it was associated both in the nebulae 
and chromosphere with hydrogen and Dj. This he believes to be 
very probable. The line makes its appearance in the chromo- 
sphere spectrum about 75 times to 100 appearances of Dg and the 
lines of hydrogen. 

The association of the lino at 447 with Dg therefore strengthens 
the view that there is an action in space, away from condensations, 
whereby matter is reduced to its finest fonns. 

"... The spectrum is very bright : two strong bands are seen in the red, 
then tlie D line, folloirad by a bright lino (Dg) as the edge of a band ..." (Eon- 
holy, “Eener Stem bid x Orionis,” Aelr. Unehr. No. 2712). 

* Monthly Notkee, voL zlviii. p. 880. 
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THE WAVE-IENGTH OT THE CHIEF NEBULA LINE 

Some of the chemical origins suggested in the preceding chapter 
for the various lines seen both in the spectra of comets and nebulaj 
•will he at once accepted ; and most easily in such cases as those of 
the lines due to hydrogen and carbon, in which we have more than 
one coincidence. Still greater certainty will be felt in the case 
of those lines which are generally seen together in the spectrum 
of a cosmical body and in laboratory experiments, such as those 
described in Chapter VI. 

StiU, it must not be forgotten that in the mtyority of cases the 
determination of wave-lengths has been made by micrometer 
observations and reference scales; absolute comparisons at the 
telescope have been but rare ; and oven when they have been made 
the dispersion employed has not been great; such observations 
are beset with many difficulties, first among them being the 
dimness, in any but the largest instruments, of the lines to bo 
measured. 

Until the recent work great interest attached on many grounds to 
the wave-length of the chief line. First, it was supposed to have a 
mysterious origin. From the outset Dr. Huggins has ascribed it to 
on unknown form of nitrogen ; then, for long, it •was chief among 
three only, and often from the dimness of the others seemed to 
exist alone; thirdly, it seemed to be a possible connecting link 
between comets and nebulse, if we accept Dr, Hu^ins’s obsm'a- 
tions of the comets of 1866 and 1867 ; and finally, much trouble 
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had been taken to determine its actual wave-length bj direct 
comparison. Although, as I have before stated (p. 285), the maiTi 
test for the views I advance is to be found in the carbon coincid- 
ences, it seemed proper to inquire whether the origin of the line 
suggested by the hypothesis — magnesium — was the true one, 
always remembering, however, that the presence of that substance 
would not necessarily be revealed spectroscopically. 

Before I refer to my own work, the attempts that have been 
made by Dr. Huggins to define the position of the line are worthy 
of a full consideration in this place. In 1864, when he first 
observed bright lines in the planetary nebula in Draco, he noted : 
“ The strongest line coincides in positions with the brightest of the 
air lines.” ^ 

A drawing accompanied this description, and the brightest line 
is shown as midway between the two components of the double 
nitrogen line. The wave-lengths given by Dr. Watts for the 
nitrogen line,^ from a reduction of Dr. Huggins’s measures, ate 
4999 and 6003.* 

Taking Thalon’s measures of the nitrogen lines (6002 and 6005), 
the position of the nebula line, assuming that it fell according to 
the drawing, would be 6003‘6. 

Taking ThaI4n’s measures and Dr. Huggins’s reference to the 
coarse double line, as if it were a single one, the wave-length 
might be 6002*1 or 6006*1, or any value between these. We have 
thus, using five figures, a limit of error of thirty units by Thal(Sn’s 
values. 

Another direct comparison was made in 1868, and is thus 
referred to — * 

The determination of the position in the spectnun of the three bright 
lines was obtained by shnultaneons oomparison with the lines of hydn^n, 
nitrogen, and baxinm. The instmment which I employed had two prisms, 
each with a refinusting angle of 60*, and the poiitiotu tf tin Itnss were trust- 
vmrfhy wititm tin Umdts t/f aiout tin brsadtii cf tin doMs UmJ). . , . The 


* FMl. Trms., 1864, ^ 488. ■ Ivdmsf SpsSbta, p. 3. 

* Dr. Hugjdns has recently called this redaction of Dr. Watts In question, see 

iVoc. B. S., yoi xlvl p. 40. * FhM, Tnm., 1868, pp. 641, 542. 
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coincidence of the line in the nebula with tlie brightest of the lines of nitrogen, 
though now subjected to a much more severe trial, appeared as perfect as it 
did in my former observations. 

It will be noticed that in these observations Dr. Huggins 
informs us to what extent his observations were trustworthy, and, 
taking Thal4n’s measures for D, viz. — 

5895-0 

5889-0 

we find the probable error to be sixty units. In the diagram 
which accompanies the above description the nebula line is shown 
coincident with the less refrangible component of the nitrogen 
double, in contradistinction to the former observation, which 
placed the line midway between them. 

In another paragraph of the same paper (p. 548) Dr. Huggins 
takes “ the wave-length of the nitrogen line at 500-80 millionths 
of a millimetre.” Hence, according to this statement, the nebula 
line would have a wave-length of 600-80 ; or 500-51, if Thal^n’s 
value for the less refrangible nitrogen lino be taken ; and by Dr. 
Huggins’s own assertion this value would only be accurate within 
the interval between the sodium double D, that is, OOOC-0, It 
should also be noticed that the double line of nitrogen is again 
referred to as if it were a single line. 

In 1874 the line was found to be coincident with a lino of lead, 
the wave-length of which was not stated,* and in 1882 its wave- 
length was given as 5005.® 

When I began my work on meteorites in 1887, 1 at once noted 
that two of the lines seen in the glows were very nearly if not 
quite coincident in position with two lines (including the chief 
one) of doubtful origin in the nebula spectrum. 

In order to determine the origins of these lines it became 
necessary to observe the spectra of known substances, and this 
was accordingly done. The Bunsen and oxy-coal-gas floTrift were • 
chiefly employed, and the results are given on page 38. 

On comparing these flame observations with those of meteoritic 
glows, it is seen that in the spectrum of magnesium there is a very 

> Eov. Soe. Proc., vol. xxH. p. 262. « Ibid. vol. xxxilL p. 427. 
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bright fluting about wave-length 500, which apparently agrees in 
position with the line so constantly seen in the tubes. Magnesium 
being one of the chief constituents of meteorites, in the form of 
olivine, it was at once suggested that magnesium is the origin of 
the line seen in the glows, and therefore also of the chief nebula 
line. 

Still the dispersion I had employed was small ; so in my first 
communication to the Boyal Society on this subject I stated that 
the conclusions were "given with great reserve,” and I was careful 
to point out that I had limited myself to small dispersion (one prism 
of 60°), because it was imperative that all the observations should 
be strictly comparable; those of very faint glows visible with 
difficulty, and those of a bright electric arc, to speals only of 
laboratory work; and I also added that thm:e was an additional 
reason for this in the difficulty of obtaining astronomical observer 
Idons with large dispersions in the case of very dim celestial 
objects. 

Seeing, therefore, that I dealt only, of set purpose with small 
dispersion, I limited myself to a "short title” of three figures in 
my references to the lines, and these have so far been used in 
this book. 

But, although I did not employ great dispersion in the first 
instance, I fully understood that this must be done eventually, so 
I at once provided for such observations both in laboratory and 
observatory. 

So far, however, only one branch of the observatory work has 
been commenced, in consequence of delays on the part of the 
instrument-maker. My main endeavour in one direction will be 
to obtain photographs of the spectra of nebulae and reference 
spectra imder such conditions that any instrumental error will 
register itsdf on the plate in such a way that a proper correction 
for it can be made. Bor such work as this much light and great 
stability is required. These essentials I shall soon have at my 
disposal, for I have erected a 80-inoh reflector at Westgate-on-Sea, 
having received a grant in aid from the Govenuuent Grant iFund. 
The mirror has been figured and presented to me by my Mend 
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Mr. Common; the flat (7-inch diameter) 1)7 other friends, the 
Brothers Henry, and I gladly take this opportunity of expressing 
my obligations to them for this magnificent help in my work. 

In the high dispersion work, dispersions varying from that 
given by a liveing direct-vision spectroscope to that of a Eowland 
grating of 12 feet 10 inches radius and 9‘6 square inches surface, 
with an eye -piece of 1’4 inches equivalent focus, have been 
employed, in addition to which a Steinheil spectroscope with three 
or (in some observations) four prisms, and a Cooke spectroscope of 
sixteen prisms have been used. 

The first thing to do was to test the idea that the line seen in 
the glow was really produced by magnesium proceeding from the 
silicates found in most meteorites. With this object I tried 
terrestrial olivine, and I again saw the line in its spectram. Sub- 
sequent work with a large model Steinheil spectroscope (four prisms 
and a high power eye-piece) showed that the line was coincident 
with the least refrangible member of one of the flutings seen in the 
flame-spectrum of magnesium, the wave-length of which had been 
given as follows — 


Lecoq do Boisbaudron. 
Watts 

1 Liveing and Dewar (1878) 
8 „ „ (1888) 


6006-0 

6006-6 

6000-0 

600C-4 


The exact wave-length of the brightest edge of the magnesium 
fluting was first determined by means of a comparison photograph 
of the Sun and burning magnesium. 

The dispersion and width of slit were such that practically all 
the lines seen in Howland’s photographic map were shown in the 
photograph. There was a slight shift, the amount of which could 
be determined by measuring the displacement of & ; when this was 
allowed for, the wave-length of the magnesium fluting was found 
to be 5006'5 on Angstrom’s scale. This has since been confirmed 
by observations with the four-prism Steinheil and the first order 
spectram of the Bowknd grating. 

Comparison photographs have also been attempted with the 
* Proe, E. 8., voL xxvii. p. 868. * Ibid, voL xliv. p. 242. 
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Bowland grating, but it was found that even with two hours’ 
exposure only the first four maxima of the magnesium fluting were 
obtained. It was found difficult to keep the flame of the burning 
wire sufficiently steady to ensure the light falling directly on the 
slit during the whole time of exposure. 

It may be mentioned here that the secondary maxima of the 
fluting succeed each other with perfect regularity at gradually 
increasing distances apart. The wave-lengths given by Messrs, 
liveing and Dewar, ^ and those determined from the photographic 
comparison referred to, are as follows — 


Liveing and Dewar. Lockyer. 


5006*4 


5006*5 



10*8 


10*4 

4995*6 


4996*1 



10*2 


11*0 

4985*4 


4985*1 



11*8 


11*6 

4978*6 


4973*6 



12*0 


12*2 

4961*6 


4961*3 



13*0 


12*9 

4948*6 


4948*4 



14*2 


14*0 

4934*4 


4934*4 



The comparisons employed by Dr. Huggins in his observations 
of the chief nebula line were the double green line of nitrogen, 
and a line of lead ; the relative positions of these were then observed 
in relation to the magnesium fluting, m aMendcmt the direct com- 
parison with the nebula line with which Dr. Hu^^ins states the 
least refirangible of the nitrogen lines to be coincident. 

The Cooke spectroscope with eight prisms and a telescope 
magnifying fifteen times was first employed. An dectric spark 
between magnesium electrodes was used, and the length of spark 
was so a^usted that the nitrogen lines were visible when a 
Leyden jar was connected with the coil and the magnesium fluting 
when the jar was taken out of the circuit. The spark was placed 
about 30 inches in ficont of the slit, and an image formed by a 
^ Froc* JR. S., vol. acliv. p, 242* 
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lens of about 9 incbes focus. In this Tvay the chances of error in 
measurement, due to changes in the direction of the light-source, 
with respect to the slit, were reduced to a minimum. The spectrum 
was faint, so that it was found necessary to have the slit rather 
wide. Under these conditions the magnesium fluting fell on the 
less refrangible member of the double green air line, as Dr. 
Huggins observed the nebula line to do in 1868 ; this was con- 
firmed by my assistants, and was seen by my colleagues. Professors 
Thorpe and Edcker. Twelve and sixteen prisms were subsequently 
used, and with the wide slit, which it was then necessary to em- 
ploy, the magnesium fiuting still fell on the less refrangible of the 
two lines of nitrogen. 

This comparison was repeated with a Steinheil spectroscope, 
with three prisms of 45°, and a telescope magnifying sixteen times. 
In this case there was less light lost than with the Cooke spectro- 
scope, and the observations were made with less difficulty. 

A small quantity of lead chloride was also introduced into the 
spark, and the lead lino was seen to be slightly more refrangible 
than the edge of the magnesium fluting, so as to form a close double 
with it. Using a small jar, it was found possible to obtain together 
the spectrum of nitrogen, magnesium, and lead superposed, and 
under these conditions the magnesium fluting was seen still 
apparently coincident with the less refrangible nitrogen line, and 
the lead line was a little more refrangible. 

The air spark so far employed was that obtained by using a 
small jar ; the nitrogen lines were very fluffy, and the spark was so 
feeble that it was always necessary to use a wide slit In subse- 
quent expeiimenta the jar spark between the two platinum poles, 
inserted in a glass tube containing air at a slightly reduced pressure, 
was used. This gave the nitrogen lines very much thinner than 
the ordinary spark in air, and when a larger jar was put in circuit 
the spectrum was also brighter. A narrower slit could therefore 
be used and comparisons made with greater accuracy. 

Four prisms and an observing telescope magnifying about thirty 
times were first used with the new conditions, and it was then 
found that the magnesium fluting was a little less refrangible than 




is tliat of BoKland’s photogxapltlc uutp ) 
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the nitrogea line. In this case the magnesium spectrum was 
obtained by burning magnesium iu front of the bulb, and the 
non-coincidence with the nitrogen line was put beyond doubt by 
observing the two spectra simultaneously. This was further con- 
firmed with the Eowland grating, the magnifying power employed 
being about fifty-five times. Comparisons with the solar spectrum 
were then made, with the result shown in Fig. 60. 

The solar spectrum shown in the drawing is from an enlarge- 
ment of Rowland’s map of the region in question, and the positions 
of the fluting of magnesium and the lines of nitrogen and lead are 
as determined with four prisms and confirmed with the Rowland, 
which differs from Angstrom’s scale by one division ; e.g. 5007'5 on 
Rowland’s scale is equivalent to 6006‘5 on Angstrom’s. (This 
difference was determined by a comparison of twelve lines of iron 
mapped by Thaldn with the corresponding solar lines shown in 
Rowland’s map.) Two spectra of nitrogen are shown in the map : 
the first one, that seen when tlie small jar was used and the slit 
was rather wide; and the second, that seen with the jar spark in 
rarefied air and the slit os nanw as possible. In the first case 
the linos are very broad and begin to fade away rather suddenly 
on both sides. Two spectra of magnesium axe also shown — one 
with the slit wide, and the other with it narrow. 

It will be seen that when the slit is rather wide the haziness 
of the less refrangible nitrogen lines overlaps tlie first maximum 
of the magnesium fluting, when seen with the same slit. This 
happens whether magnesium or platinum poles were used for the 
air spark, and proves that the apparent coincidence is not due to 
the reamant of the magnesium fluting being superposed on the air 
lines. The importance of using a narrow slit and a spark with 
large jar, preferably in air at a reduced pressure, for comparison 
with the nebulte, is therefore obvious. 

The results given are not to be absolutely relied upon, as there 
may be slight errors, due to the various light souioes not being 
perfectly in the line of ooUimation. It has been found, for example, 
that a change of 111 minutes of arc in the direction of the beam 
from the siderostat displaces the lines about two divisions of 
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Howland’s scale, or more than the difference between the positions 
of the chief nebula line and the fluting of magnesium as determined 
by Dr. Huggins. Every precaution was taken, however, to ensiue 
the accuracy of the observations. The beam from the siderostat 
was first directed on the slit, and the spark and lens placed in the 
same direction by adjusting their shadows on the slit plate. The 
slit was made as narrow as the luminosity of the spark would allow. 

It was also noticed during the observations that errors may be 
introduced by the insensible motions of the eye in front of the slit 
With a spectroscope having one flint glass prism of 60 ” and a 
telescope magnifying about fifteen times, the displacement of the 
lines due to this cause as referred to the cross wires was found 
to amount to as much as forty units, or twice the distance between 
the magnesium fluting and the less refrangible nitrogen line. With 
the Cooke spectroscope having' eight prisms the displacement was 
not more than twenty units. Pin-holes of various sises were placed 
in front of the eye-piece, but the displacement was not at all 
diminished by this. The motion of the lines over the pointer was 
found to be quite rhythmical and to keep time with the beating of 
the heart 

Ho doubt this displacement can be (and was) abolished by perfect 
focussing, but the construction of instruments generally does not 
admit of the focussing of the cross wires, and even if there be 
an adjustment, one condition is only good for one observer. 

These experiments, therefore, show that many precautions have 
to be taken before the coincidence or non-coincidence of one line 
with another can be determined with absolute certainfy even when 
large dispersion and stable laboratory conditions are employed. 
The general results of the laboratory comparisons may be briefly 
stated thus — 



HujtginB. 

Thaldn. 

Livoiiig 
and Dewar 
(1878). 

Llveing 
and Dewar 
(1888}« 

Loclcyor, 

Mg Huting • 
N lino » . 
Pb liuo , . 

5006-6 
5004-6 1 
5004-5 

5006*1 

5004*6 

6000-0 

5006-4 

5006*5 

5005*1 

5006*0 
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It must be remembered that ordinary observatory conditions 
are not nearly so favourable for accurate measurements of the 
positions of lines in spectra as those possible in a laboratory : 
the apparatus is not so stable, and must of necessity be in motion, 
and again, the collimator of the spectroscope ■with its slit exactly 
central must be demonstrated to be absolutely in the optic axis of 
the telescope before a measurement can be taken as final. Two 
series of observations should therefore be made, one with the 
spectroscope in one position, and the other when it has been turned 
through 180 ®. 

Finally, I may point out that with the above values, and 
assuming that the nebula line exactly coincides, as Dr. Huggins 
says that it does, with the least refrangible of the nitrogen double, 
the difference in position between it and the magnesium fluting is 
less than a quarter of the distance between the two D lines, and I 
have shown that this difference may easily arise from instrumental 
errors. 


Obsei'vations hj a New Method. 

The laboratory work having shown the numerous sources of 
error connected with observations where great accuracy is attempted, 
it seemed to me that it was quite hopeless to attempt very accurate 
observations of nebulae in the ordinary way, where tire conditions 
are not nearly so favourable as in the laboratory. 

I have already pointed out that unless it can bo demonstrated 
that the collimator of the spectroscope is absolutely in the optic 
axis of the telescope employed, one series of observations alone 
is worthless. Again, the greater the dispersion employed, the 
greater generally will bo the weight of the spectroscope, and the less 
the stability of the apparatus. Finally, as the telescope must 
necessarily be in motion, the conditions are constantly liable to 
change by the varying dispositions of the various parts of the 
apparatus. 

It struck me that these difficulties could be to a great extent 
overcome by the use of a siderostat, in which case a spectroscope 
of any weight could be employed, as it was no longer necessary 
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that it should he in motion. To test this method, atraii^gements 
were made for observing the spectrum of the nebula in Orion; ' 
12-inch siderostat and the 10-inch object-glass of the Science 
Schools equatorial were employed, in conjunction with an optically 
perfect Steinheil spectroscope belonging to the Physical Laboratory, 
and placed at my disposal by Professor Pucker. 

The following account is based upon the records in the note- 
book, further explanatory additions having been made where 
necessary. 

November 27, 1889. — The 10-inch object-glass from the 
equatorial was supported in a semi-circular wood block, on an 
adjustable lantern tripod, which was sunk about 6 inches in the 
ground and the top perfectly levelled. By carefully sighting a 
lamp supported at the siderostat, the collimator of the spectroscope 
was placed in a line with it. The object-glass was then put in 
proper line, and adjusted by observations of Aldebaran with a 
reflecting cye-piece, which was supported in front of the slit, and so 
arranged that when an object was in the centre of the field it was 
also on the slit. Aldebaran was also used for adjusting the object- 
glass at the proper distance from the slit. The ordinary cross-wire 
eye-piece of the spectroscope being replaced by the bright lino 
micrometer, the prisms were adjusted at minimum deviation for 
X 500 by observing the spectrum of magnesium ribbon burning in a 
spirit-lamp in front of the centre of the mirror. These pi’eliminaries 
being completed, the work with the nebula was commenced. 

The nebula was fii'st brought upon the slit by means of the 
reflecting eyc-piece, and the observation was attempted with four 
prisms, but unsuccessfully, as the night was not good and the 
nebula was low, so two were removed. When this was done, the 
three principal lines were seen remarkably weU, and a very narrow 
slit could be used. The chief line was made coincident with the 
illuminated pointer; magnesium ribbon was then burned at the 
centre of the mirror, and with this dispersion the coincidence 
between the nebula line and the least refrangible maximum of the 
magnesium fluting appeared perfect. These observations were 
made independently by Messrs. Fowler and Baxandall, and 
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Lieutenant Bacon, E.N., temporarily attached to the Science 
Schools, hut in no case was the nebula line seen more refrangible 
than the magnesium fluting. 

Another prism was then added, and set to minimum for X 500. 
Absolutely the same result was obtained. The burning magnesium 
used for comparison was removed from the front of the mirror and 
placed directly in front of the slit, but still the same result was 
obtained. The brightness of the nebula lines with three prisms 
made it evident that another prism might be added. The magni- 
fying power of the telescope employed was sixteen, and the 
dispersion 0 to H with three prisms was 6° 32'. 

Novembef 28. — The observations of the Orion nebula were 
repeated with similar arrangements to those employed on the 
previous evening, the fourth prism being now added. The spectrum 
was very well seen when the nebula was on the slit, but it was 
very difficult to keep it on, as, in consequence of the looseness of a 
screw, as it was subsequently found, the siderostat clock worked 
badly. One comparison was, however, made by Mr. I'owler, using 
the same micrometer eye-piece as before and a very uanw slit. 
The nebula line and the less refrangible maximum of the mag- 
nesium fluting were found to be perfectly coincident. 

Arrangements harl been made during the day for burning mag- 
nesium, so as to get parallel rays from it. The method is shown 
in Big. 61, and consists of a collimator placed in front of the 
object-glass. Wlien burning the magnesium, a card, with a hole 
in the centre of the same diameter as the collimating lens, was 
placed in front of the lO-inch object-glass to keep out stray light. 
At the spirit-lamp end of the tube was a piece of tinfoil with a 
pin-hole at the centre. The image of this was focussed on the slit 
of the Steinheil, and when the magnesium was burning the spectrum 
was well seen. 

NomiA&i' 29. — During the day the siderostat was put in order. 
The position of the collimator of the Steinheil was tested by opening 
the slit very wide, and burning magnesium at the centre of the 
siderostat mirror (the mirror being temporarily removed for this 
purpose). The imago of the slit fell exactly in the centre of the 
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collimating lens, so that no alteration was necessary. An observa- 
tion was also made of the displacement of the magnesium fluting, 
brought about by moving the spirit-lamp in which the magnesium 
was burned away from the centre of the mirror. It was found that 
if the lamp were moved more than 2 inches on either side the 
spectrum ceased to be visible. Between the two extreme positions 
(i.e. 2 inches on each side of the centre) the displacement produced 
was about one-third of the distance between the fii’st and second 
maxima of the magnesium fluting. 

The rough collimator that had been previously used was re- 
placed by the collimator of a student’s spectroscope, the slit of 
which was adjustable both for length and breadth. Tliis was 
supported on a light iron tripod, so that, when in position, it would 
prevent very little light from the siderostat ])assing through tlie 
object-glass. By this arrangement the spoctiu of magnesium and 
the nebula could bo superposed, it being intended to obtain tlie 
magnesium fluting in this case from a quantity spark between 
magnesium poles. An enlarged image of the secondary slit is, of 
course, formed on the slit of the Steinhoil spectroscope. 

A complete plan of the appamtus, drawn to scale, and showing 
some of the principal dimensions, is given in Fig. 82. The Steinheil 
spectroscope employed has a circular table, 28 inches in diameter, 
supported on a tripod stand weighing about 80 lbs. The colli- 
mator and observing telescope are each about 20 inches long, 
and have object-glasses 1| inches in diameter. The prisms have 
faces 2" x 2", three of them having an angle of 45°, and one of C0“, 
each one being supported on a stand provided with levelling screws. 
With the four prisms the dispersion from A to' H is 10”. 

The reflecting eye-piece which was used to act as a finder was 
the ordinary one used with the 1 0-inch equatorial, and could be 
lifted out of its supports and put back again at pleasure. 

No work could be done in the observatory this evening on 
account of fog. 

Nevember 30. — Commenced work by adjusting the object- 
glass and the collimator in front of it. The accuracy of this 
adjustment was checketl by a comparison of h in the spectrum of 
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the Moon with 6 in the spectrum of magnesium burning behind 
the secondary collimator. There was perfect coincidence between 
the lines. Four prisms were used for the comparison, and the 
centre of the Moon’s disc was thrown on the slit. Everything 
being now in perfect adjustment, the nebula was turned to, and 
three good comparisons made of the chief line and the magnesium 
fluting, the magnesium being burned behind the secondary colli- 
mator. The pointer was displaced and readjusted in each obser- 
vation. In each case the coincidence with the least refi’angible 
maximum appeared perfect. These observations were made by 
Mr. Fowler and Lieutenant Bacon. In order to further test the 
result obtained, Mr. Fowler put the pointer of the micrometer 
exactly on the nebula Hue, and left it for Lieutenant Bacon to say 
how its position was with respect to magnesium ; again it was 
perfectly coincident. Lieutenant Bacon made three independent 
comparisons, the position of the pointer being changed each time, 
and twice found coincidences with the least refrangible maximum, 
whilst once the nebula line a^jpeared to be on the right-hand edge 
of the same maximum. Mr. Gregory also made one comparison 
which confirmed the above results. 

Deccmler 1. — The object-glass having been adjusted by means 
of Aldebaran as before, the secondary collimator was put in position, 
and the nie^esium spark from a quantity-coil put Ijehind the slit. 
With tliis arrangement a comparison of the nebula line with the 
lines of nitrogen could also be made. The collimator was adjusted 
by moans of 6, as seen in the Moon and in the magnesium simrL 

The pointer of the micrometer was then put upon the F line in 
the Moon, and the nebula was afterwards brought upon the slit. 
The two lines were coincidait, showing tl»6 probable accureoy of 
the adjustments. Three comparisons were made of the nebula line 
with magnesium by Mr. Fowler, the pointer being displaced each 
time ; in each case the coincidence was perfect. Comparisons with 
the nitrogen lines showed the nebula line to he a little less re- 
frangible. I made the comparison twice, and in each case the 
coincidence with the magnesium fluting was perfect. In one case 
I saw the pointer of the micrometer, the nebula line, and the 
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nitrogen lines at the same time; the pointer was on the nehnla 
Un^ hut both appeared to the right of the nitrogen double. 

EinaUy, Mr. Fowler put the pointer on the nebula line, lieu- 
tenant Bacon agreeing with him as to the setting. Then I made 
the following comparisons : — 

(1) With the nitrogen lines. Eesult — Pointer to the right. 

(2) With magnesium burning behind slit. Besult — Coincidence 

perfect. 

(3) With magnesium burning at the centre of the siderostat. 

Besult — ^Again perfect coincidence. 

The observations have left no doubt in my mind as to the coin- 
cidence of the chief nebula line with the magnesium fluting, under 
such conditions that at the same time the coincidence of the F line 
of hydrogen with the third nebula line was demonstrated, lieuten- 
ant Bacon and my assistants concur in this view. Even with four 
prisms the observations are by no means easy, and are very delicate ; 
but it is important to note that in no observation was the nebula 
line foimd more refrangible than the magnesium fluting, and if the 
optical conditions were imperfect, it seems hardly likely that an 
error in the same direction would be reproduced on four different 
nights, the apparatus being set up afresh each time. 

Another method of work adopted with a view of eliminating 
all possible instrumental errors may next be referred to; it has not 
been completely carried out so far, but a sufGicient approxima- 
tion to it has been reached to render the results obtained of some 
interest. 

Using the siderostat, object-glass, and collimator as before 
described, the method in question consists in using a vacuum tube, 
giving the lines both of hydrogen and nitrogen, in front of the slit 
of the collimator. The tube made for this purpose was found to 
have leaked when there was an opportunity of using it, so that the 
observations of hydrogen and nitrogen, in comparison with the 
nebula lines, have not been made in the same Add of view at the 
same time. The hydrogen tube and an air spark with iron poles 
(iron poles being chosen in order to check the position of the 
nebula line near X 496) were, however, placed alternately in front 
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of the slit of the collimator, and this enabled the observations to 
be made with almost equal accuracy. I give the following extract 
from the Observatory notebook. The observations were made by 
Mr. Fowler (who was assisted by Mr. Coppen) on 5th February 
1890. 

Made further observations of the nebula of Orion with 4-prism Steinheil 
spectroscope. First compared nebula spectrum with spectrum of spark 
between iron poles close to slit, the secondary collimator not being used 
at all. 

Bemdts . — 495 nebula line exactly coincident with iron line 4956*8. At 
the same time, the 500 nebula line was certainly less refrangible than the 
nitrogen lines. 

Next adjusted collimator and put hydrogen tube and iron spark success- 
ively in front of sht, 

Bemlts. — 3d nebula line coincident with F line of hydrogen. 

495 line coincident with iron 4956*8, 

500 line less refrangible than nitrogen lines. 

500 line exactly coincident with magnesium fluting, whether the mag- 
nesium was burned behind the slit of collimator or at the centre of siderostat 
mirror. 

It will be seen that these observations entirely confirm the 
former ones, and also carry the work a step further in the deter- 
mination of the actual wave-length of the nebula line near \ 495 
by the siderostat and collimator method. 



CHAPTEE XXVIII 


THE ELUTED CHABACTEIt 07 THE OHIEE EEBUXA LUTE 

The investigations just recorded show that in aU probability the 
wave-length of the chief nebula line does truly correspond with 
that of the chief f uting seen in the flame of burning magnesium, 
as the wide induction demanded. 

There is still, however, another line of evidence to be relied on 
besides that supplied by wave-lengtL Observations of nebulse 
should show that a fluting and not a line is in question. 

It may be well that I should briefly state what 1 imderstand 
by a fluting, and I cannot do this better than by referring to obser- 
vations of a candle flame, which any one can make. A pocket 
spectroscope and a lens are all that are needed to follow my 
remarks. If an image of the base of the flame be projected on to 
the slit, bright flutings are seen in the green (near i^), citron, blue, 
and violet That in the green is the brightest, and is seen to con- 
sist of three apparent bri^t lines with faint fringes on their more 
reflrangible sides. The different members of the group gradually 
diminish in brightness, the least refrangible being the brightest. 
Such a group as this I look upon as a empomd fluting, and each 
member itself as a fluting, since with high dispersion the 
fringes break up into series of fine lines very dose together. If 
now the image of the flame be gradually raised, so that the base 
passes off and portions nearer the centre are brought on to the slit^ 
the fainter members of the group gradually disappear, and when a 
certain point is reached only the brightest^ least reficangible, simple 
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fluting is left. This I look upon as the “ remnant of a fluting,” 
■whether the fluting was in the first instance simple or compound. 

The compound fluting of magnesium near X 500 is very similar 
to that of carbon. It consists of a series of bright lines of gradually 
diminishing brightness and increasing distances apart towards the 
more refrangible end, and each has a fringe on tho more refrangible 
side. The first maximum (the least refrangible) is brighter than the 
others, and the fringe close to it is brighter than the second maxi- 
mum ; hence, when “ the remnant of the magnesium fluting near 
500 ” is referred to, the first maximum, with that portion of its 
fringe which is brighter than the second ma.ximum, is meant. 

The following are the first recorded observations of the chief 
nebula line which give us any infonnation as to its special char- 
acter : — 

In 1864 the spectrum of the Dumb-bell nebula in Vulpecula 
was observed, and it was noted * that the light of this nebula, “after 
passing through the prisms, remained concentrated in a bright line. 

. . . This line appeared mhidons nf the edges.” 

Similarly, it was recorded in 1866 of the spectrum of General 
Catalogue No. 4403 : ® “ The .speotnnn of this nebula indicates 
that it possesses a gaseous constitution. One bright line only was 
seen, occupying in the spectrum apparently the same position as 
the brightest of the lines of nitrogen. IVh&i the slit was made as 
narrow as the iivtmmty of light would permit, this bright line was not 
so well defined, as the corresponding light in some of the other nekdee 
under similar eondUions of slit, btU remained nebulous at the edges,* 
An observation of the spectram of General Catalogue No. 4572,® 
also made in 1864, led the observer to record : “ The spectrum of 
this nebula consisted of one bright ndndom line of the same le- 
frangihility as the brightest of the lines of nitrogen,” and in the 
same paper we read : “ One bright line only was distinctly seen, 
of apparently the same refrangibility as the brightest of the nitrogen 
lines. This hrigM line appeared by glimpses to be double. Possibly 
this appearance was due to the presence near it of a second line.” 

* PhiL Trana,, 1864, p. 441. 

« Ihid. 1866, p. 388. 


» Ibtd. 1868, ]), 886. 
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All the above observations, showing conclusively that the chief 
nebula line has not always been described as sharply and perfectly 
defined at both edges, were made by Dr. Huggins.^ 

The observation relating to the presence of a second bright line 
very near to the chief nebula line might have been of considerable 
importance, and have afforded an almost crucial test of the validity 
of my identification of the line. If an accurate measurement had 
been made of it, it might well have been the second maximum of 
the magnesium fluting. 

It will be seen from what follows that nearly all observers of 
nebular spectra have noted at some time or other that the chief 
nebula line appeared undefined at one edge, as if it were part of a 
fluting. 

Secchi, one of the first observers of nebular and stellar spectra, in 
observations of some planetary nebuhe made in 1866,^ saw the three 
principal lines, and noted that “ the planetary nebula in Andromeda 
has the lines above-named, but the principal one is a little diffused.” 

In 1871 Vogel made some observations of the spectra of 
uebulse.^ I have noted that in 1864 Dr. Huggins observed only 
one bright line in the spectrum of the Dumb-bell nebula, and re- 
corded this line as tiMimia at the edges. Vogel’s observations of 
the spectrum of the same nebula in 1871 agree, as regards the 
character of the line, in every respect with that of Dr. Huggins. 

The following is Vogel’s description: — 

Sdir heller grosser Nebel der unter dem Namen Dumb-bell bekaimt ist. 
Dos Spectram desselben wurde am 21 Mai 1871, uutersnchl^ est besteht aus 
zwei Linien, von denen die erste mit der Sti(^tofflinee (Wellenlange 600*4 
Milliontel Millimeter) coincidirt ; diese Linie erscheint aber hier breiter els 
in den Spectren der plaoetorischen Nebel tend ist hetondeTB ncush, dem violetitm 
Endt dM ^^xetrum siba varwasoheit. 

Here, then, it is again explicitly stated that the nebula line 
was considerably Hi-defined on the violet edge.^ 

* Dr. Huggins has recently stated that he has always seen the line sharp and 
{WTfectly defined {Pm. S. 8 ,, vol. xlvL ].)i 40). 

‘I SidMtino ileteorologteo, Slat October 1866. 

* Both. Boob., Leipsig, Heft 1, 1872, p. 66. 

'* In a recent letter to Dr. Huggins (quoted Proe, R. 8., vol xlvi. p. 63). 
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In a recent letter to Dr. Huggins, however, Dr. Vogel writes — 

Beeile ieh mich Ihnem mitzuttieilen, class meine langjahrigen Beobach- 
tungen uber die Spectra der Gfeia-Nebel vollkommen nnt den Ihiigen darin 
ubereinstimmen, dass die Nel)eUinie A. 5004 schmal, scbarf xind nicht vbr- 
WABOHEN 1ST. 

On this letter Dr. Huggins remarks as follows — 

In an early observation of the Dumb-bell nebula, Professor Vogel, in- 
deed {Be<Aachtunfim au Botltkamp, p. 59, 1872), describes this line as less 
defined towards the violet side. In a letter (3d April 1889) Professor Vogel 
says this appearance of the line was probably due to a slit not sufficiently 
narrow. He says that he re-examined this lino in his observations with the 
great Vienna refractor, and that it did not then appear otherwise than defined 
and narrow. 

I fancy that Dr. Hu^ins and Professor Vogel must know that 
widening the slit does not generally cause a well-defined line to 
become less defined on om side only. Again, the fluting would 
very probably be seen little better with the Vienna refractor tlian 
with that at Bothkamp; for I find that the brightness of the 
nebula in the former is to that in the latter only about as 
13 to 10. 

Bredichin made a series of observations of the three nebula 
lines in 1877, and he noted also that the chief line was less 
defined on the blue edge. In the words of this observer, the 
line ‘‘Se presentait comme une bande, une pen plus claire vers 
le rouge.” 

The following is the description of the chief nebula line, as seen 
in the Orion nebula, given by Mr. Maunder in 1884 : — ^ 

“ The line X 5005 was examined with this latter dis])ersion (two- 
prism train), the slit being very narrow, and was seen to bo a single 
line. Hone of the lines in the spectrum of the nebula is, however, 
very sharp, X 6005 showed a faint frinye mainly on the side nearer 
the Hue” 

It must be borne in mind that as these observations of the 
undefined condition of the blue edge of the nebular line were made 

* AnwilB de VOh, At vol. iil, 1887, p. 120. 

• QrecnwieJir Speetroseopic limtliSt 1884, p. 6. 
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before spedol attention had been directed to it, they were absolutely 
mbiassed. Prior to 1887 no one had suggested that the line might 
be the remnant of a fluting. Indeed, Dr. Huggins contended for a 
line of an unknown form of nitrogen. 

My first observations of the nebula of Orion from this point of 
view were made at Westgate-on-Sea in October 1888, by means of 
a 12-inoh mirror that had been kindly placed at my disposal by 
Mr. Common. The image of the nebula being allowed to float 
slowly over the slit, Z distinctly got the impression that the 
line in question varied in its behaviour from the other lines, 
and that at the points where it was brightest it extended most 
towards the blue end of the spectrum. The observations were 
repeated at Kensington with the 10 -inch equatorial by Mr. 
Fowler, Demonstrator of Astronomy, and Mr. Baxandall, and 
they arrived at the conclusion that the chief line had a decidedly 
fluted appearance. 

This observation is further borne out by Mr. Taylor, who, 
referring to an observation made in November 1888,* states — 

The 0001 line is by far the brightest in the spectrum. It is 
never seen sharp, but, with the narrowest slit, always has a fluffy 
appearance, this being much more marked on the blue than on the 
red edge. This was most carefully examined for evidence of struc- 
ture^ but the line was always found to be single, and no decided 
evidence of fluting structure could be made out.” It is dear from 
this observation that the line Mes away towards the violet end of 
the spectrum, although the actual compound structure of the mag- 
nesium fluting is not visible. I shall presently have to refer to an 
experiment which shows that the compound structure would not 
be likely to be visible. 

1 Imve more recently observed the spectrum of the nebula in 
Orion with my 30-inch reflector at Westgate-on-Sea, using an 
enlarged form of pocket spectroscope with a dispersion which does 
not split D, and the observation is, to my mind, final. I found 
that in certain parts of the nebula the lines were knotted, and in 
others broken ; but in the former case, whilst the F line thickened 
> MmiMy Eotiees, R, A. S., voL xlix, p. 126. 
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equally on both sides, the chief line thickened only on the more 
refrangible side. This result is shown in Fig. 63. 

This was confirmed by Messrs. Fowler and Baxandall at Ken- 
sington, with the 10-inch equatorial on 31st October and 1st 
November 1889, and again by Mr. Fowler, with the 30-inch, on 2d 
November. It may be noted also that I got momentary glimpses 
of many bright lines between F and 6 on 31st October. Messrs. 
Fowler and Coppen have since made some very careful observations 
of the Eing nebula in Lyra, and also record the cMef line as having 
a fringe on the more refrangible side. A line in the neighbourhood 
of 5 was suspected ; this may turn out to be the carbon fluting 
near 51Y : the absence of the hydrogen line in the 10-inch was 
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important as indicating that the nebula is in an advanced stage of 
condensation, approaching that of the nebula in Andromeda. 

In still more recent observations with a siderostat the chief line 
was noted by Mr. Fowler and Lieutenant Bacon to have a decided 
fringe on the more refrangible side. 

It may he remarked that high dispersion is not so likely to 
show the fixited character of the chief line as low, for the more the 
fringe is dispei'sed the fainter it must become. In consequence of 
the brilliancy of the Orion nebula, the fluted appearance of the 
cliief line wotild possibly be more manifest in it than in any 
other, and the absence of the fringe when the line is seen in the 
spectra of fainter nebulaj is therefore not antagonistic to the view 
that the line may be the remnant of the magnesium fluting. I 
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say possibly, because the degree of condensation of a nebula must 
be considered. Given two nebulse, exactly alike in every respect 
but temperature, then the line, if visible in both, would appear 
more like a compound fluting in that nebula of which the tem- 
perature was lower, and would become more like a line as the 
temperature was increased. But this is not all : a great number of 
collisions per rmit volume at the same temperature would increase 
the visibility of the effects, and greater brightness in a nebula may 
proceed from this cause as well as from a less distance. We should 
not, therefore, expect to see the fluting, even if its existence be 
conceded, in all cases, and the smaller the dispersion the better 
coBtmapa'nbw it will be seen. 

Experiments have been made in the astrophysical laboratory 
at Kensington on the ^eotrum of magnesium when seen very 
faintly with moderate dispersion. The conditions being such that 
the structure of the fluting near 600 was wdl visible when mag- 
nesium ribbon was burned in front of the Slit, a sufficient thickness 
of neutral tint-glass was introduced to reduce the brightness of the 
fluting until it was about equal to that of the chief line seen in 
the spectrum of the nebula in Orion. Under these conditions, 
the 500 fluting is only faintly visible and the secondary maxima 
entirely disappear. We get only the brightest, least leflnngible 
member of the compound fluting, together with a simple fringe of 
light without structure on the more refirangible side. This experi- 
ment was shown at the Itoyal Society Conversazione in May 1889, 
and a note upon it may /e found on page 13 of the programme. 
The experiment has recently been repeated and fully confirmed 
with a four-prism SteinheU spectroscope. It was found best to 
acljust the dark glasses so that two or three of the maxima were 
seen when the magnesium was burning; then, when the magnesium 
was just dying out, only the least re&angible one, with a slight 
fringe, was seen. 

The greater luminosity of the first maximum and its fringe has 
also been observed in another way. Magnesia, volatilised in the 
oxyhydrogen flame, with the proportion of gases properly adjusted, 
gives the compound fluting pretty bright. If, then, the quantity 
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of hydrogen be increased or diminished gradually, whilst the 
oxygen remains constant, the fluting gradually disappears, but the 
first maximum and its fringe are seen when all the others have 
disappeared. 

Numerous photographs have also been obtained which show 
the first maximmn brighter than any of the secondary ones. 

These experiments not only show that the first maximum is 
brighter than the secondary ones, but further, that some of the 
fringe on the more refrangible side of it is also brighter. In 
observations of nebulas, therefore, if the chief line be due to 
magnesium, only a very slight fringe would be observed rmless 
the luminosity be sufficient to render visible some of the secondary 
maxima. 

I have shown, therefore, that many records exist as to the fluted 
appearance of the chief nebula line — ^records that amply justify 
the identification of it with the low-tempemture magnesium fluting 
near X 500, an origin that seemed most probable from my experi- 
ments on the spectra, of meteorites. The fact that one or two 
published observations have now been practically withdrawn does 
not affect the main issue in the faintest degree. 

Wliatever the cliemioal origin of the line, the historical state- 
ment I have just given affords good grounds for believing that it is 
certainly a remnant of a fluting. 


The facts recordisd in this and the previous chapter seem to 
demonstrate conclusively that the line under discussion is due, as 
tire induction suggested, to magnesium. 

High dispersion has been employed, and we now know that the 
line seen in the meteoritio glows is truly the remnant of the mag- 
nesium flutiug. We further know tliat the nebula line is coinciderrt 
with the edge of the magnesium fluting when the two are compared 
with a four-prism spectroscope and a high magnifying power, both 
nebula and magnesium being observed under absolutely tire same 
conditions. Even if we accept l)r. Huggins’s observation of 1868, 
the nebula line only differs in position from the magnesium fluting 
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by a quarter of the distance between the D lines, and we know 
that many sources of error may explain that difference. 

Finally, many observations, both old and new, show that the 
nebula line resembles the first maximum of the magnesium fluting 
in having a fringe on its more refrangible side, and I have also 
shown that the spectrum of magnesium may be observed under 
such conditions that only the fiiat maximum and its fringe are 
visible, and that we should expect this condition to exist in the 
nebulte. 


Y 



CHAPTER XXIX 


THE TEUE NATUEE OF NEBULiE 

I FANCY tliat it will be impossible for a candifl mind to resist the 
evidence brought forward in the last three chapters that nebulte 
are i-eaUy swarms of meteorites or meteoritic dust in the celestial 
spaces. The meteorites are sparse, and the collisions among them 
bring about a rise of toraperatui'e sufficient to render luminous 
some of their chief constituents. 

The association or non-association of relatively bright hydi^sgen 
lines with the lines due to the other constituents of the meteorites 
is possibly an indication of the greater or less sparseness of the 
swarm, the greatest sparseness being the condition defining fewest 
collisions, and therefore one lea.st likely to show the hydrogen lines 
with any degree of brightness. When the condensation increases, 
observations of comets and laboratory work have abundantly shown 
that great liability to collision in the one cose, and increase of 
temperature in the other, are accompanied by the appearance of 
the cai'bon spectrum instead of the hydrogen spectrum. Here we 
have the points of greatest difference in nebular spectra. 

It will at once ho evident that since the luminosity of the 
meteorites depends upon collisions, the light from them, and from 
the glow of the gases produced from them, can only come from 
those parts of a meteor swarm in which collisions are going on. 
Visibility is not the only criterion of the existence of matter in 
space ; dark bodies may exist in all parts of space, but visibility 
in any part of the heavens means, not only matter, but collisions, 
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or the radiation of a mass of vapour produced at some time or 
other by collisions. The appearances which swarms present to 
us may bear little relation to their wtual form, but may represent 
merely surfaces, or loci of disturbance. 

The result of the investigation is that the nebula spectrum is 
as closely associated with a meteorite glowing very gently in a 
very tenuous atmosphere given off by itself as is the spectrum of 
a comet with a meteorite glowing in a denser one also given off 
by itself when more highly heated. 

Further, it has been seen that the nebula spectrum in both its 
genuine forms — that is, without and with carbon — ^is exactly repro- 
duced in comets. As the collision of meteorites is accepted for 
the explanation of the phenomena in one case, it must, /aute de 
mimx, be accepted for the other. The well-known constituents of 
meteorites, especially olivine, fully explain most of the spectroscopic 
phermmena presented by luminous meteors, comets, and nebulse. 

There is little doubt, seemg that the spectrum of the nebulse, 
except in some cases, is associated with a certain amount of con- 
tinuous spectrum, that future work will enable us to follow the 
various degrees of condensation. Meteorites glowing at a low 
temperature would be competent to give the continuous spectrum 
with its highest intensity in the yellow part of the spectrum ; so 
that we can understand that lines due to any gas or vapour iu that 
part would be very much more likely to escape record than those 
in the part of the spectrum which the continuouB spectrum hardly 
reaches. The general absence, however, of bri^t lines of metallic 
vapours, except 495 and 500, and of the bright lines of hydrogen, 
evidently justifies the conclusion that we are here in presence of 
those bodies in celestial spsuoe, the temperature and the electrical 
excitation of which are at a minimuTu, and as the continuous 
part of the spectrum is brought under examination further stages 
will be recognised. 

The records of purely continuous spectra in the case of many 
nebulse, as, for example, the Great Nebula in Andromeda, we already 
know, afford an indication of our inability to observe them properly. 
For a nebula to give a perfectly continuous spectrum, it is evident 
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that the component meteorites must be incandescent, hut still at 
a lower temperature than that required to give bright lines. Now 
the Mg Hne 500 is seen in some of the faintest nebulae where there 
is little or no continuous spectrum, and it therefore seems likely 
that these are at a lower temperature than the nebulae said to give 
perfectly continuous spectra. This being so, it is difficult to believe 
that other lines, which require a somewhat higher temperature for 
their existence than the line at 500, do not become visible at this 
increased temperature. 

There can be little doubt that when our instrumental appliances 
and observing conditions become more perfect, it will be found 
that the so-called continuous spectra will be a perfect mine of 
new knowledge regarding the true nature of the changes which 
occur as condensation increases. 1 have already shown that the 
carbon bands have already been recognised in the “continuous 
spectrum" of the nebula in Andromeda. 

The spectmni of the hydrogen and carbon in the case of 
the nebulte seems to be due to low electrical excitation, as happens 
in the case of comets. Sudden changes from one spectrum to 
another are seen in the glow of meteorites in vacuum tubes, when 
a current is passing. 

I have been careful to show how Schiaparelli was driven to 
his view that comets originated in nebulte by his masterly dis- 
cussion of cometary phenomena, and a return to Chapter XXIII., 
now all the above evidence has been given, will cause astonishment 
that we have had to wait so long for so complete a demonstration. 

Dr. Huggins’s theory that tlie nebulfo are masses of gas has 
been before referred to, likewise his view that unknown substances 
were, for the most part, in question ; while I have shown that there 
is scarcely a line in the visible spectrum, as we now know it, which 
is not seen when meteoritic dust is glowed ; and surely to those 
interested in researches on the nebuhe, who were at the same time 
familiar with Schiaparelli's results, and accepted his views with 
regal'd to the meteoritic origin of comets, meteoritic dust was 
clearly suggested as the origin of the spectrum. If we can depend 
upon Dr. Huggins’s statement that the line at \ 500 is seen both in 



CH^. ZZIX 


THE TBUE NATUBE OF NEBTJLJE 


325 


the spectra of some uebtilse and in the spectra of some comets 
at aphelion, we find ourselves in full presence of the demonstration 
of Schiaparelli’s view that comets are cosmic clouds ftuteTing the 
solar system from without. Further, the evidence is overwhelming, 
that as these cosmic clouds in the system condense as they approach 
the sun, they change their spectrum, which resembles that of some 
nebulae, into one closely resembling that of some others. 

Oometary observations alone, then, suffice to convince us that 
such a nebula as that in Andromeda is more condensed than 
that in Orion, for the reason that its spectrum resembles a comet 
when it is known to be more condensed than at aphelion. 

I have the high authority of Professor A. Herschel for stating 
that the view of the light of nebulae being due to collisions of meteor- 
ites or meteoritic particles, fulfils all the conditions, and affords us 
the proper clue of that “ wider hypothesis ” to which Sir John 
Herschel looked forward for the removal of all the difficulties he 
had met with in considering the existence in nebular bodies of 
some form of continuous shining and ponderable (rather than im- 
ponderable or " ethereal ”) elastic fluid. 

I may add that lbx>fessor George Darwin has recently shown, 
by a profound mathematical analysis, that the principles of the 
kinetic theory of gases may be apx>lied to the cases of a swarm 
of meteorites in space. In these investigations the individual 
meteorites are considered to be analogous to the molecules of a 
gas, and it is shown that the laws of fluid pressure apply. 

So for as I know, the first suggestion that nebulta were really 
in some nuinner associated with meteorites, and not with masses of 
gas, was made by Professor Tail in 1871. I have used the sugges- 
tion in my lectures ever since, and some years ago X put it to an 
experimental test by showing that the spectra of both comets and 
nebuhs, so far as carbon and hydrogen were concerned, could be 
produced from a vessel containing the vapours produced by 
meteorites. 

This view, however, has not been favoured by Dr. Huggins, who, 
in his observations both on nebulse and comets, has inferred, from 
the near coincidence of the line at 600 with the strong air line, that 
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we are probably in presence of nitrogen, or of a form of matter 
more elementary than nitrogen ; the line at 373 being attributed 
by him also to some unknown form of hydrogen on account of its 
coincidence with one of the series of hydrogen lines in the ultra- 
violet observed in the spectra of stars of the first class. 

My own attention was specially called to this subject in 1877, 
when the “ new star ” in Oygnus, after its temporary outburst, was 
observed by Lord Crawford to present the appearance of a planetary 
nebula. 

A complete discussion of the phenomena made a deep im- 
pression on my mind that only small masses of matter were in 
question. I referred to this at t!ie time.^ 

The word star in such a case is a misnomer from a scientific 
point of view, although no word would be better to describe it in 
its proper aspect. The word is a misnomer for this reason ; If any 
star, properly so called, were to become “ a world on fire,” — were 
to “ burst into flames,” or, in less poetical language, were to be 
driven either into a condition of incandescence absolutely, or to 
have its incandescence increased, — ^there can be little doubt that 
tliousands or millions of years would be necessary for the reduc- 
tion of its light to the original intensify. Mi*. Croll has recently 
shown that if the incandescence came, for instance, from the colli- 
sion of two stars, each of them half the mass of the Sun, moving 
directly towards each other with a velocity of 476 miles per second, 
light and heat would be produced which would cover the present 
rate of the Sun’s radiation for a period of 50,000,000 years. 

A very different state of things this from that which must have 
taken place in any of the Novas from the time of Tycho to our 
own ; and the more extreme the difference, the less can we be 
having to deal with anything like a star properly so called. A 
very rapid reduction of light in the case of the new star in Oygnus 
■ms so striking that I at once wrote to Mr. Hind to ask if any change 
of place was observable, because it seemed obvious that if the body 
which thus put on so suddenly the chromospheric spectrum were 
single, it might orUg weigh a few ions or evm hundredweights, and 

* HcUiire, 1877, vol. xvi. p. 418. 
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' being so small might be very near us. This point was tested by 
Sir Bobert Ball, who made a series of micrometric measurements 
of the Nova at Dunsink Observatory. No appreciable value of 
the parallax, however, was obtained from the observations ; 
hence, it must be conduded that the outburst took place in a 
region of the heavens far removed &om our system and not near 
to it 

We seemed driven, then, &om the idea that these phenomena {ire 
produced by the incandescence of large masses of matter, because 
if they {ire so produced the running down of brilliancy would be 
exceeding slow. 

Let us consider the case, then, on the supposition of small 
masses of matter. Where are we to find them ? The answer is 
easy : In those small meteoritic masses which, as an ever-increas- 
ing mass of evidence tends to show, occupy all the realms of 
space. 

The Nova now exists as a nebula so far as its spectrum goes, 
{md the fact not only goes far to support the view 1 have suggested 
as against that of Zdllner, but it affords collateral evidence of the 
truth of Thomson and Tait’s hypothesis of the true nature of 
nebulae. 

There is another point of extreme interest to the spectroscopist, 
if we accept the bright line observed in the star by Br. Oopdand 
and others to be veritably the chief nebula line. 

It is dear from Dr. Yogd’s diagram that this line brightened 
relativdy with each decrease in the brilliancy of the hydrogen 
lines. On 8th December 1876 it was much fsinter than B, while 
by 2d March 1877 F was a mere ghost by the side of it On any 
probable supposition the temperature must have been higher at 
the former date. What I wrote in 1877 ended as follows — 

" Now, it is well known that within certain limits the lines in 
the spectrum of a compound body get brighter with decrease of 
temperature, because at the higher one the compound almost 
entirely ceases to exist as such, and we get the lines of its con- 
stituents. It is a fair theory, then, to suggest that the fEunous 
nebula line may bdong to a compound. Nay, the fact, as it stands 
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alone, further points to the possibility that the compound in ques- 
tion contains hydrogen as one of its constituents ” 

The investigations given in Chapter XXVI. show that I probably 
was wrong in this last pamgraph with regard to the substance, though 
I still hold the argument to be a valid one — one, indeed, which may 
be fairly used to strengtlien the view that we are really dealing with 
a complex molecule of magnesium, the changes in the spectrum of 
which are as great as some observed when compound bodies are 
broken up, 

I shall show subsequently that in all celestial bodies hotter than 
nebuhe magnesium is always represented, and by another spectrum. 
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The now demonstrated meteoritio origin of these celestial bodies 
renders it needful to discuss them in some detail, with a view to 
determine the forces at work in them ; and to do this thoroughly 
it is requisite that we should study the rich store of facts which 
chiefly Sir William Herschel’s labours have placed before us 
regarding the various forms, in order to ascertain what light, if 
any, the new view tlirows on their development. 

To do this, the treatment must be vastly different from that — 
the only one we can pursue — ^utilised in the case of the stars, the 
images of all, or nearly all, of which appear to us as points of light 
more or less minute ; while, in the case of the nebulae, forms of 
the most definite and, in many oases, of the most fantastic kind, 
have been long recognised as among their chief characteristios. 

Many of the forms so far are unexplained. 

It seems proper, then, that I should seek not only to determine 
whether the view I have put forward explains the phenomena as 
satisfiustorily as they have been explained by old ones, but whether 
it can go farther and make some points dear which before were 
dark. 

To do this it is not necessary at present to dwdl at any great 
length either on those appearances which were termed nefyuMMet 
by Sir William Herschd, or on irregular nebulm generally; but it 
must be remarked that the very great extension of the former — 
which there is little reason to doubt will be vastly increased by 
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increase of optical power and improvement in observing conditions 
and stations — may be held to strengthen the view that space is 
really a meteoritic plenum. 

On the assumption, then, that nebuhe, like comets, are swarms 
of meteorites, I now proceed to refer to some points on which this 
view of their nature may throw some new light. 

It must be premised at the outset that the conditions under 
which these swarms — all in motion — exist in free space must be 
very diverse ; they may be condensing by virtue of the collisions 
of their particles and the action of gmvity, undisturbed, so to speak, 
by intrusions ; they may be condensing while gigantic intakes of 
foreign swarms go on ; possibly, though not necessaiily, in many 
planes, the intakes, like comets in our own system, being deflected 
or annexed. Again, streams or sheets of nebulous material, in- 
visible if undisturbed, may encounter others, and in this way 
luminous patches of undefined shaiie may be produced by motions 
and crossings and inteipeiictrations, the brighter portions being 
duo to a greater number of collisions per unit volume. 

Tn Plate 11. T give, by the permission of Mr. Huberts, an un- 
touched copy of his magnificent photograph of the nebula in 
Orion, exposed for four hours. It foiras the most perfect example 
of the iiTegular distribution of nebulous matter to be found in 
the heavens. 

When wo come to deal with the more regular forms, we find 
that they may be generalised into three groups, according as the 
formative action seems working towards a centre : round a centre, 
in a plane or nearly so, or in one direction only. As a result we 
have globular, spheroidal, spiral, and comotic nebulss. 1 propose 
to deal with each in turn. 

The recent advances in nebular photography, chiefly in the 
hands of Messrs. Common and Roberts in our own country, 
and the Brothers Henry in France, render it certain that in 
a few years’ time the subject-matter of this chapter will be 
treated with much more fulness ; mere guesses and glimpses will 
be replaced by autobiographical imperishable records which 
cannot err. 
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Globidar Nibulm. 

The remarkable appearance presented by the so-called planetary 
nebulae requires that I should refer to them in some detail Sir 
William Herschel does not describe them at any great length, but 
in his paper on “Nebulous Stars’’^ he alludes to the planetary 
nebulosity which in many cases is accompanied by a star in the 
centre, and finally comes to the conclusion that “ the nebulosity 
about the star is not of a starry nature.” ® 

Sir John Herschel, in his valuable memoir, “ describes them as 
“ hollow shells.” It was so difScult to explain anything like their 
appearance by ordinary ideas of stellar condensation that Arago, 
as quoted by Nichol,* abandoning altogether the idea that they 
represented clusters of stars or partook in any wise of a stellar 
constitution, imagined them as hollow spherical envelopes, in sub- 
stance cloudy and opaque, or rather semi-transparent ; a brilliant 
body, invisible in the centre, illuminating this spherical film, so 
that it was made visible by virtue of light coming through it, and 
scattered by reflection &om its atoms or moleculea 

Lord Bosse records that nearly all the planetary nebulae which 
he had observed up to that time had been found to be perforated. 
In only one case was a perforation not detected, but in this ansae 
were observed, introducing into the subject for the first time the 
idea of nebulous bodies resembling to a certain extent the planet 
Saturn. But Lord Bosse, although he thus disposed of the idea of 
Arago, still considered that the annular nebulae were really hollow 
shells, the perforation indicating an apparently transparent centre. 

Dr. Huggins subsequently suggested that the phenomena repre- 
sented by the planetary nebulae might be explained without 
reference to the supposition of a shell (or a flat disc), if we con- 
sider them to be masses of glowing gas, the whde mass of the gas 
being incandescent, so that only a luminous surface would be 
visible.® 

^ See p. 262 mte. * BML Trcau,, vol. IzzsL, 1791, p.'.78. 

* Ibid. vol. oniii., 1838, p. 600. * ArAUeOu/n (jf SeaneiM, p. 86. 

' FMi, Trans., voL cxL, 1860, p. 607. 

* Ibid. vol. div., 1864, p. 442. 
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It win be seen that all these hypotheses are mutually de- 
structive; but it is right that I should state, in referring to the 
last one, that the demonstration that these bodies are not masses 
of glowing gas merely has been rendered possible by observations 
of spectra which were not available to Dr Huggins when his im- 
portant discovery of the bright-hne spectrum of nebul® was given 
to the world. 

It remains, then, to see whether the meteoritic hypothesis can 
explain these appearances when it is acknowledged that all the 
prior ones have broken down. If we, for the sake of the greatest 
simplicity, consider a swarm of meteorites at rest, and then assume 
that others from without approach it from all directions, their 
previous paths being deflected, the question arises whether there 
will not be at some distance from the centre of the swarm a region 
in which collisions will be most %mlid. If we can answer this 
question in the affirmative, it will follow that some of the meteor- 
ites arrested here will begin to move in almost circular orbits round 
the common centre of gravity. 

The major axes of those orbits may be assumed to be not very 
diverse, and we may further assume that, to begin with, one set 
will prepond<!rato over the rest Tlieir elliptic paths may throw 
the ])eriastron passage to a considerable distance from the common 
centre of gravity ; and if we assumo tliat the meteorites with this 
common mean di>stancc arc moving in all planes, and that some 
are direct and some retrogra<le, there will bo a shell in which more 
collisions will take place than elsewhere. Nm, this eoUmon sur- 
face mil he praetieallt/ the ordy thiti^ visible, and mil present to us 
the &rnet and hitherto uneaplained apimrance of a pkmkiry •nebula 
— a body of the same irdensUy of lumirmiiy at its edge and centre — 
this putting on an edmost phoaphoresciyiit appearance. 

If the collision region has any great thickness, the centre 
should appear dimmer than the portion nearer the edge. 

Such a collision surface, as I use the term, is presented to us 
during a meteoric display by the upper part of our atmosphere. 

I append a diagram, Pig. 64, which shows how, if we thus 
assume movement round a common centre of gravity in a mass of 
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meteorites, one of the conditions of movement being that the peri- 
astron distance shall be somewhat considerable, the mechanism 
which produces the appearance of a planetary nebula is at once 
made apparent. The diagram shows the appearance on the sup- 
position that the conditions of all the orbits with reference to the 
major axis shall be nearly identical, but the appearances would 
not be very greatly altered if we take the more probable case, in 
which there will be plus and minus values. 



Fia. 64.— SurravniD Ohmix or thi ArnuuHoi miHnnmD by a Plaxstabt Nisnu. The 
lumlnoalt; U dn* to tb« oiflllaioni ooouRbig along tbo spban of inteneetlon of the eUlptlo 
oFbita of the metanritoi. The loK-hond diagram la a croaaHMOtlon of tbo meteotio astern, and 
the righUuuad ono ahom tba apiieanuiea of tba eolMon alieU aa aaen from a point outalda. 


GldMar Nebula ehowi/ng Condensation miil fimCly a Nebviow 
Sta^ is reaehM, 

If we grant the initial condition of the formation of ja collision 
shdl, we can not only explain the appearances put on by planetary 
nebulae, but a continuation of the same line of thought readily 
explains those various other classes to which Herschel has referred, 
in which condensations are brought about, either by a gradual 
condensation towards the centre, or by what may be termed suc- 
cessive jumps. These condensations doubtless are among the 
earliest stages of nebular development. 
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To explain these forms we have only to consider what will 
happen to the meteorites which undergo collision in the first 
shell. They will necessarily start in new orbits, and it is 
suggested that an interior collision shell will in this way be 
formed. 

In consequence of the collisions the orbits will have a tendency 
to get more and more elliptic, while the pericentric distance will 



Fro, 65.—fc4ufjo«8TiON AH TO TUB Omoisr OK A UumuLAU Nwwu. wmr a Brighter Central 
Portion. Ah In tlio fonntT caitOy tho lumfnoHity of tho fnlntor x>ortioii in duo to tho colHRinus 
which occur »lonf$ th4> Hphcru of iiitcrRiHitlou rejiroHontcd t)y the larger circle. After colliHion 
the mutcoritcH will travel in new orbitn. and there will be an additional K)thcre of inturHcction, 
reproHcuted by the ninaller circle. The left-hand dingmm is a crosH-aection, and the right-haud 
Olio rcpruHciitH tho appearance of the two coniaion ehellM an hocu from a i)oint outeidt*. 


at the same time bo reduced ; the swarm will, in consequence of 
this action, gradually brighten towards the centre through collisions 
being possible nearer tho centre, and ultimately we shall have 
nebulte with a distinct nucleus, tho nucleus then representing the 
locus of most collisions. This brightness may be sudden in certain 
spherical surfaces, or quite gradual, according to the collision con- 
ditions in each swarm. 

The final stage will be the formation of a nebulous star. 
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Effects of Siibseqiient BotaMon — Spheroidal Nelndce, 

In such meteor swarms as those we have considered, it must 
be that rotation is, sooner or later, set up. Otherwise it would be 
impossible to account for the spheroidal nebulae at alL I am 
aware that in Newton’s opinion the cause of this rotation was not 
mechanical, but the moment we assume a meteoiio origin of these 
globular clusters, it is straining the facts to assume that the intake 
will be exactly the same at all points, and the moment the bom- 



Fio. 66.— SuooBBTioN AB TO THB Obioin 07 A Nbbuloob STAR. Tbo orblts of fho inner sett of 
meteorites si« very dliptle, so thst the shell of intersection appesni almost as a point. As in 
tUo previous cases, the left-hand diagram represents tilie meteono systems in section, and the 
right-hand one the appearance from a point outside. 


bardment is more or less localised, rotation must follow sooner or 
later. Sir William Hersohel, in his paper of 1811 (p. 319), says — 

If we consider this matter in a general light, it appears that every 
figure which is not already globular must have eccentric nebulous matter, 
which, in its endeavour to come to the centre, will either didodge some 
nebulosity which is already deposited, or slide upon it sideways, and in both 
cases produce a circular motion ; so that, in fact, we can hardly suppose a 
possible production of a globular form without a subsequent revolution of 
nebulous matter, which in the end may settle in a regular rotation about 
some fixed axis. 
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Given, then, a globular swarm with a rotation around an axis, 
we have to discuss the phenomena produced by collisions under a 
new set of circumstances. 

Here at once we have to account for the fact that the nearly 
spherical forms are very short-lived, for they are very rare ; we 
seem to jump, as it Wei’s, from globes to very extended spheroids. 

If it be conceded that from the above considerations we are 
justified in supposing that the elliptic and other spheroidal nebulae 
really represent a higher stage of evolution tlian those presented to 
us by the globular form, it is clear that on the meteoritic hypothesis 
the greater part of the phenomena will represent to us what happens 
to such a system under the condition of a continuous bombardment 
of meteorites from without. 

So soon as we have a minor axis, there will at first be most 
collisions caused by meteoritic masses, the paths of which are 
most nearly parallel to it ; the result of this will be that the 
equatorial plane will be intensified, and then, later on, if we con- 
ceive the system as a very e.\tended spheroid, it is obvious that 
meteorites approachmg it in directions parallel to its minor axis 
will have fewer chances of collisions than those which approach it, 
from whatever azimuth, in what we may terra the equatorial plane. 
These evidently— at all events if they enter the system in any 
quantity — will do for the equatorial plane exactly what their 
fellows were supposed to do for the section in Fig. 65. 


Spiral Nebidoi. 

Ne.xt let us suppose such a system as this invaded from various 
parts of space by other swarms which feel its attraction and have 
their paths deflected : we shall Imve on the general background of 
the symmetrically rotating nebula, which may almost be invisible 
in consequence of its constituent meteorites all travelling the same 
way and with nearly equal velocities, curves indicating the regions 
along which tlie entrance of tlie new swarm is interfering with the 
movements of the old one; if they enter in excess from any 
direction, we shall have the appearance of broken rings or spirals. 
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This I suggested in 1887. Various parabolic currents ^ •will 
indicate the regions where most collisions are possible^ and even 
absence of luminosity in the centre would by no ttipatih demonstrate 
the absence of meteorites there. 

Here, fortunately, we enter a region where photography already 
helps us. One of the chief of Mr. Eoberts’s present achievements is 
a photograph of the Nebula of Andromeda with an exposure of 
four hours. In this nebula the spirals assume gigantic proportions. 
Plate III, which is an untouched reproduction of Mr. Eoberts’s 
photograph, will give a just idea of the orderly stupendousness of 
the actions which are going on in this part of space, where the 
naked eye only sees a dun glimmer of light And yet, after all, the 
action is of the (jnietest, for the detection of carbon in the spectrum 
indicates that the temperature of oven the nucleus of the nebula 
is about that of an ordinary comet approaching perihelion. 

Plate IV., which I also owe to the kindiress of Mr. Eoberts, 
gives us nebul®, in Canes Venatioi and Ursa Major, in which the 
spirals are much more clearly marked. The condensations along 
the spirals are of primary theoretical importance, as they show that 
the condensation of a nebulous swarm results in the fonnation of 
secondary centres if streams of foreign meteorites pour im 

Eesearohes by Loi’d Eosso and others have given us forms of 
nobuljB which may bo termed sigmoid, and those suggest tliat they 
and the elliptical nebultn themselves are really produced by the 
rotation of what was at first a globular rotating swarm of meteorites, 
and that in these later revelations we pick up those forms which 
vcQ produced by the continued flattening of the sphere into a 
spheroid under the meteoric conditions stated. It is worthy of 
remark that many of the forms taken on by the so-called elliptic 
aebul® described by the two Hersohels, and by the spiral, sigmoid, 
urd similar forms which have been added to them by the labours of 
[lOrd Eosse and others, are recalled in the most striking xnuumex by 
he ball of oil in Plateau’s experiment^ when rotations of different 
velocities axe imparted to it. 

* See mit, p. 2S3. 
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Conietic Nelulm. 

I do not know that any explanation has, so far, been suggested 
as to the origin of these curious forms which were first figured by 
Sir William Herschel, and of which a number have recently been 
observed in the southern hemisphere.^ It is clear that in them the 
conditions are widely different from those hitherto considered in 
this chapter. I think that the meteoritic hypothesis satisfactorily 
explains them, on the supposition that we have either a very 
condensed swarm moving at a very high velocity through a sheet of 
meteorites at rest, or the swarm at rest surrounded by a sheet aU 
moving in the same direction. It is a question of relative velocity. 

If we consider the former case, it is clear that the collision 
region will be in the rear of the swarm ; that the collisions will be 
due to the convergence of the members of the sheet due to the 
gravity of the swarm ; and that the collision region will spread out 
like a fan behind the swarm. 

The angle of the fan, and the distance to which the collisions 
are valid, will depend upon the velocity of the condensed swarm. 

^ Observations of the Soutloerii Nebalce, mule with the Great Mclbomne Telescope, 
Part i. 
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HISTOBICAL NOTIOB BELATma TO THE OLASSOflCATIOE' OE STABS 

Ik the preceding chapters we have seen that the spectroscope 
indicates that nehulse, like comets, are swarms of meteorites. If 
this be so, it is perfectly obvious that they must be almost infinitely 
sparse, for they are not only amongst the faintest objects in the 
heavens, but occupy enormous spaces. But if nebulse are of this 
nature, it is equally obvious that they must ultimately condense by 
collisions due to gravity. Hence we have nest to inquire if partly 
condensed swarms, as distinguished from stars like the sun, really 
exist. 

In such swarms we should expect to find spectra almost, if not 
quite, cometary; we should expect to find bright lines as in the 
nebulte, and in both we should, in some oases, expect to find 
evidences of further condensation. In such an inquiry, however, 
we must not forget the vast difference in the way in which the 
phenomena of distant and near meteoric groups are necessarily pre- 
sented to us; and further, we must bear in mind that in the case 
of comets, however it may arise, there is an action which drives 
the vapours produced by impacts outward firom the swarm in a 
direction opposite to that of the sun. 

But even in the nucleus of a comet, as in a star, it is much more 
easy to be oert^ of the existence of bright lines than to record 
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their exact positions ; it is only in comets which approach as near 
the sun as Comet Wells and in the Great Comet of 1882 that these 
observations can he made with certainty.^ 

I shall show in the sequel that stars with spectra such as these, 
and therefore with physical constitutions such as these, have long 
been observed, but that their spectra have been entirely misread 
and therefore misunderstood. 

In the classifications of stars, adopted up to the present time, 
the prevailing idea has been that comets, nebulse, and stars repre- 
sent different orders of bodies in the cosmos; and hence they have 
all been treated apart, and all classifications have proceeded on the 
assumption not only that these bodies are variously constituted, but 
that in the case of the “ stars ’’ all are becoming cooler. I have 
to show that it is not only unnecessary but unphilosophical to 
make such a distinction. Before I do this, however, it is important 
that 1 should state the various spectroscopic classifications which 
have been attempted in the case of the stars. With this informa- 
tion before us, we shall bo better able to see the definite lines on 
which any now classification must be based to include all celestial 
forms. 

(l 

Frmmhofer, Mutlierfurd, and Secchi. 

When we inquire into the various labour’s upon which our pre- 
sent knowledge of the spectra of the various orders of “ stars ” is 
based, the first we come across are those of Fraunhofer, who may be 
said to have founded this branch of scientific inquiry in the year 
1814. 

Fraunhofer not only instituted the method of work which 
is still found to be the most eftective, but his observations at 
that time wore so excellent that he had no difficulty in finding 
coincidences between linos in the spectrum of the sun and of 
Venus, 

Fraunhofer’s reference in his observations runs as follows — 

* “ Obtervttiimis Gonui III. 1881, /(mm.— Tlie speotram of the nuolena is 

continaoos ; that of the coma shows tlio usnal bands. With a narrow slit there are 
indications of many lines just beyond the verge of distinct visibility." — Copeland, 
Otpemiem, vol. ii x’. 226. 
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I liave also made several observations on some of the brightest fixed 
stars. As their light was much fainter than that of Yenus, the brightness of 
their spectrum was consequently still less. I have nevertheless seen, without 
any illusion, in the spectrum of the light of Sirius, three large lines, which 
apparently have no resemblance with those of the sun’s light. One of them 
is in the green, and two in the blue space. Lines are also seen in the spect- 
rum of other fixed stars of the first magnitude ; but these stars appear to be 
different from one another in relation to these lines. As the object-glass of 
the telescope of the theodolite has only thirteen lines of aperture, these ex- 
periments may be repeated, with greater precision, by means of an object-glass 
of greater dimensions.^ 

He did not attempt to classify has observations on stellar 
spectra, but, as pointed out by Professor Dun4r,^ those that he 
most particularly mentions are really remarkably diverse in their 
characteristics. 

In these researches Fraunhofer was followed by Rutherfurd, 
who, in the year 1863, was the first to indicate that the various 
stellar spectra which he had then observed were susceptible of 
being arranged into different groups. His paper,® after giving an 
account of the observations actually made, continues as follows — 

Tlie star spectra present such varieties that it is difficult to point out 
any mode of classification. For the present, I divide them into three 
groups : — ^First, those having many lines and bands, and mostly resembling 
the sun, viz. Oapclla, (3 Geminorum, a Orionis, Aldebaran, y Leonis, Arctu- 
rus, and jS Pegasi. These are all reddish or golden stars. The second group, 
of which Sirius is the type, presents spectra wholly unlike that of the sun, 
and are white stars. The third group, comprising a Virginis, Eigel, etc., are 
also white stars, but show no lines ; perhaps they contam no mineral sub- 
stance, or are incandescent without flame. 

Soon afterwards Secchi carried on the inquiry, and began in 
1865 by dividing the objects he had then observed into two types. 
These two types were subsequently expanded in 186*7 into three 

1 On the Refractive and Dispersive Power of Different Species of Glass, with an 
Account of the Lines which cross the Spectrum.” — Fraunhofer, translated in Fdm-^ 
hurgh FhiloBophical vol, x., October to April 1828-24, p. 89. 

® Swr lea AJtoiles d Speeirea da la Troi&ihne Claaaef p. 8. 

* Silliman’s Jomml, vol. xxxv, p. 71. 

4 Catalogo delU Stalle di mi ai d daUrmimto U Spettro Inminm, Secchi, Parigi, 
1867. 
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Krst, white stars, like a Lyrse ; secondly, yellow stars, like Arctu- 
rus ; and thirdly, deeply coloured stars, like a Herculis aad a 
Orionis. The order of these t]rpes was not always as stated, but I 
have not been able to find the exact date at which the order was 
changed.^ Seoohi subsequently added a fourth type, in which the 
flutings were less numerous. There is little doubt that Secchi was 
led to these types not so much by any considerations relating to 
the chemical constittrtion of the atmospheres of these bodies, as in 
relation to their colours. His first classifications, in fact, simply 
separated the white stars from tlie coloured ones.® 

The fourth type included, therefore, stars of a deeper red colour 
than those of the third, and Secchi pointed out that this change of 
colour was accompanied by a remarkable change in the spectrum; 
in fact, of Socchi’s four types thus established, the first and second 
had line spectra and the third and fourth had fiuted ones. At that 
time the important distinction to be drawn between lino and fluted 
spectra was not so well recognised as it is at present ; and further, 
the relation of spoctm to tcmiiemturo was not so fully considered. 
Secchi, as a result of laboratory work, however, at once showed a 
possible connection between the absorption flutings in the stars 
of the fourth typo and the bright ones seen in the spectrum of car- 
bon under certain conditions; and altltough this conclusion has 
been denied by Dr. Huggins and some other observers, it has nnce 
been abundantly confirmed by Vogel and others.® 

Bdation to Tmperaime. 

At iho time that Secchi was tlius classifying the stars, the 
question was taken up also by IKfllner, who in 1865 first threw out 
^e suggestion that the spectra might probably enable us to deters 
mine somewhat os to the relative ages of these bodies; and he 
suggested that the ydlow and red light of cerUdn stars were indica- 
tions of a redaction of temperature.® 

* Dundr, Swf U» EtoUes, p. 128. 

* Sm on this point Z» Snyttiie SpOtmeepieht, A. Sooohi, Itoma, 1865. 

* Sae Vogol, PuhlinHimM, eto., Potidam, Va 14, 1684, p. 81. 

* ZSllnor, HutmuirUdM Vntenu^vnigin, p. 243. 
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In 1868 tliis subject occupied the attention of Angstrom with 
special reference to the contrasted spectra of lines and flutings. On 
this he -wrote as follows, showing that temperature considerations 
might help us in the matter of variable stars.^ 

D’apres les observations faites par MM. Secchi et Huggins, les raies 
d’absorption dans les spectres stdlaires sont de deux especes : cbez Pune, le 
spectre est ray4 de lignes tr^s-fines, com me le spectre solaire ; cbez Pautre, les 
raies constituent des groupes entiers k espaces dgaux on des bandes nuaac4es. 
Ces derniers groupes appartiennent vraisemblablement aux corps composes, et 
je mentionnerai, en particulier, que ceux trouv^s dans le spectre de a Orionis 
ressemblent fort aux bandes lumineuses que donne le spectre de Poxyde de 
manganese. Suppose que ma tbdorie soit juste, Papparition de ces bandes 
doit done indiquer que la tempdrature de P6toile est devenue assez basse pour 
que de telles combinaisons chimiques puissent se former et se conserves 

Entre ces deux limites de temp4ra.ture chez lea dtoiles, limites que Ton 
pent caraetdriser par la presence de Pune ou de Pautre esp^ce des raies 
d’absorption, on pent s’imaginer aussi un 4tat intenn4diaire, dans lequel les 
gaz composes peuvent se former ou se dissocier, suivant les variations de tem- 
perature auxquelles ils sont assujettis par Paction chimique m4me. Dans 
cette classe doivent probablement tee comprises les dtoiles dont Pintensit4 de 
lumi4re varie plus ou moins rapidement, et avec une p4nodieit4 plus ou 
moins constante. 

In the year 1873 I referred to this subject in my Bakerian 
Lecture,® in which I attempted to bring to bear some results 
obtained in solar inquiries upon the question of stellar temperatures. 
And I stated that although our knowledge of the spectra of stars 
was lamentably incomplete, the following facts could be gathered 
from the work already accomplished with marvellous skill and 
industry by Secchi. 

I, The sun, so far as the spectrum goes, may be regarded as a 
representative of class (j3), intermediate between stars (^) with 
much simpler spectra of the same kind, and stars ( 7 ) with much 
more complex spectra of a different kind. 

IL Sirius, as a type of a, is (1) the brightest (and therefore 
hottest ?) star in our northern sky ; ( 2 ) the blue end of its spectrum 
is open, — ^it is only certainly known to contain hydrogen, the other 

1 Bficherches mr le Spedre Upsala, 1868. 

® PM. Preww., voL ebdv., 1874, p. 492, 
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metallic lines being exceedingly thin, thns indicating a flTna.n pro. 
poition of metallic vaponxs ; while (3) tJu hyArogm Uim m fhAs dor 
are mormovdy distended, showing that the chromospheie is largely 
composed of that element. There are other bright stars of this 
class. 

III. As types of 7 the red stars were referred to, the ^ectra 
of which are composed of channelled spaces and bands, and in 
which naturally the blue end is closed. Hence the reversing layers 
of these stars probably contain metalloids, or compounds, or both, 
in great quantity; and in their spectra not only is hydrogen 
absentk but the metallic lines are reduced in thickness and inten- 
sity, which may indicate that the metallio vapours are being 
amdaied. It is &ir to assume that these stars are of a lower 
temperature than our sun. 

In the same year, in a letter to M. Dumas, published in the 
0<mptes Bendnis^ I again pointed out that, if we consider merdy 
the scale of temperature, a celestial body with flutings in its spect- 
rum would be cooler than one which hail lines in its spectrum; and 
I also pointed out that, taking the considerable development of the 
blue end of the spectrum in white stars as contrasted with its feeble 
exhibition in stars like our sun, wo had strong presumptive evidence 
to the cfTect that the stars like a Lyrac, with few lines in their 
spectra, were hotter than tliose resembling our sun, in which the 
number of lines was very much more considerable^ and I added an 
inference &om this : “ Plus une dtoile est chaude, plus son spectre 

^ “ II floinlilo quo plun uiio 6tailo ont clmudc, ])la8 sou spectro cat simple et queles 
41cmoutB m4talliqttcs so font voir dans Tordre do lours iwids atomiques. Ainsi nous 
avous 

** (1) Dos dtoilos tr^ brillantcs, oil nous no voyons quo I'Lydrog^ne m guaniiU 
4n€rme, ot lo ma^ndsiuui. 

** (2) Dos 4toilos plus IVoidos, commo notro soloil, nous trovous 
H + Mg + Ka* 

H + Mg + Ma + Ca, Fe, oto* ; 
dans cos i&toiles, pas do Ridtidloldos. 

** (8) Des ^toiles plus froides oncoro, dans leminollos tons les t&l^'iments metalliques 
sont aasooi^s, oh lours ligses no aout plus visibles, ot oh nous n’avons quo les speetnas 
des m^talloldes et des oompoads. 

** (4) Plus uno (Stoile est dgde, plus lliydroghno libre diaparait ; sur la terre, nous 
ue trouvons plus Thydrog^te an liberty*” 
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est simple,” This related merely, as I have said before, to the con- 
sideration of one line of temperature. 

VogeVs Classification. 

In the year following my paper, the most considerable classifi- 
cation which has been put forward of late years was published by 
Dr. Vogel,^ who, basing his work on the previous types of Secchi, 
and also taking into account the inference I drew in my letter to 
Dumas, modified Secchi’s types to a certain extent, but always 
along one line of temperature, the leading idea being, as I gather 
from his memoir and many remarks made in Dun&’s admirable 
introduction to his own observations, to be referred to presently, 
that the classification is based upon descending temperatures, 
so that all the stars included in it are supposed at one time or other 
to have had a spectrum similar to that of a Jjgrae? 

This classification is as follows — 

Class I. Spectra im, which the Metallic Lines are extremely Famt 
or entirely InvisiUe. — The most refrangible parts, blue and violet, 
are very vivid. The stars are white. 

(а) Spectra in which the lines of hydrogen are very strong. 

(б) Spectra in which the lines of hydrogen are wanting. 

(c) Spectra in which the lines of hydrogen and Dg are bright. 

Class II. Spectra in which the Metallic Lines a/re Numerous and 
v&ry Visible. — ^The blue and violet are relatively weaker ; in the red 
part there are sometimes faint bands. The colour of the star is 
clear bluish-white to deep reddish-yellow. 

(a) Spectra with numerous metallic lines, especially in the 
yellow and green. The lines of hydrogen are generally strong, but 
never as strong as in the stars of Class L In some stars they are 
invisible, and then faint bands are generally seen in the red formed 
by very close lines. 

(&) Spectra in which, besides dark lines and isolated bands, there 
are several bright lines. 

1 Astr. Nach/r.i No. 2000. 

^ ^ Car selon la th^orie il faudra que t6t oti tard toutes les 4toiles de la premise 

elasse devieimeat de la seconde, et oelles-d de la troisi&me.” — ^Duxi4r. 
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Olabs III. Spectra in i/olmh,, besides the Meicdlio Limes, there are 
numeroms Barit Bands im all pa/rts of the Spectrum, cmd the Blm and 
Violet are remarkably Faint . — ^The stars are orange or red. 

(a) The dark bands are fainter towards the red. 

(&) The bonds are very wide, and the principal are fainter 
towards the violet. 

It is pointed out that if this classification be true, there must 
be links between all the classes given. Now it is perfectly obvious 
that if this classification includes in its view all the stars, and if 
there is a lino of ascending as well as descending temperatures — 
that is to say, if some of the stars are increasing their temperatures, 
while others aie diminishing them — tho classification must give 
way. 

I repeat that tho idea which underlies tho classification is that 
a star of Glass I. on cooling becomes a star of Glass II., and that 
n star of Glass II. has, as it were, a choice before it of passing to 
Glass IIIa. or Glass IIB. Thus under certain conditions its spect- 
lum will take on tho appeai'once of Sccchi’s third type, Class Ilia. 
(Vogel) ; on certain other conditions it will take on tho appearance 
of Secchi's fourth type, Glass ITIi. (Vogel). 

Fechillc^ was the first to object to Vogd’s classification, mainly 
on the ground that Hecchi’s typos 3 and 4 had been improperly 
brought tqjcthop ; I shall subse<iuently show how very just his 
objection was, and how clear-sighted was his view as to the true 
position of stars of Gloss IIB. 1 give the foUowiiig extract ficom 
his mcmolXiAEr 

M. Vogul a prtipoai unu oliuwiilcattnn miivnut les (Uvcidcb phaoeB de le- 
froidimemunt iiidiqindss par los dans Iwiuello il Ibit dcs types HI et 

IV de Hocehi denx subdivisions d’uno mfimo class* **, Ilia et Hit. Hals je 
trouve cextaines diffumltds it^gatives oontre cetto elasidfication xelatiyementaa 
rOle qu’y Jone lo Tilt. £n eiTet, il cat admis qns Ic IV type de Secchi se 
distingae nettoment dn III typ**., non seulment par la position et la quantiitd 
des zones obscures, xnais ausid par le Mt trts-remarquable, que les piinoipalei 
de ees zones eont bien d4ilnU>8'et brusc^ucnient interrompnos dn cdtd dn vio- 
let dans le III type, du odtd du rouge dans le IV. Or, si lo IV type doit 

* 0. F. Faehttle, Bepidittm, 23amiie poor PObmrmticn du Pmage de Viim, 188S, 

S5 (CoponhagsD, J. H. Scbnlts, 1888). 
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repr4senter line des phases de refroidissement, par lesquelles passeiit les 
4toiles, on pent fairs deux hypotheses. La premifere est que le spectre du lY 
type soit co-ordonn6 au spectre du III type, de maniere qu’il y ait des 4toiles, 
qui passent de la phase repr4sent4e par le II type, k la phase repr^sentee par 
le III type, et d*autres, qui passent directement du II type au lY. Mads 
cette hypothese est inadmissible. Car on connait des spectres interin4diairea 
entre le I et le II type, et entre le II et III ; mais on ne connait pas, k ce 
que je sache, des spectres du II type tendant au IV. Beste done Phypoth^se, 
que la phase de refroidissement, reprdsentde par le spectre du IV type, soit 
postdrieure k la phase repr^sentee par le III type, de manifere que les spectres 
des dtoiles passent du III au lY type. Si ce passage se fait peu k peu, il 
devrait y avoir des spectres intermddiaires entre le III et le IV type ; mais 
quoique Secchi par exemple le 17 Janvier 1868, ait d6termin4 le spectre de 
Petoile 273 Schjell., comma semblant interm4diaire entre le III et le IV type, 
il Pa plus tard reconnu du IV type, etPexistence des spectres de III — IV type 
n’est nullement prouvde. On pourrait objecter que les 4toiles du IV type 
Bont peu nombreuses et en g4n4ral si petites que leurs spectres sont dif&ciles 
voir, et que par consequent il pourrait y avoir parmi ces spectres quelques- 
uns, qui se rapprochassent du III type. Mais je r^ponds cette remarque, 
que les spectres du III — IV type, indiquant une phase moins refroidie, 
devraient au contraire en general appartenir k des dtoiles plus grandes que 
celles ayant des spectres du IV type. Si on veut supposer que le passage du 
III au IV type se fasse subitementi ou par une catastrophe, pendant laquelle 
apparaissent des lignes brillantes, cette supposition mSme constituerait une 
difference physique bien plus distincte entre le III et le IV type qu’ entre le 
II et le III 3 et le IV type reprdsenterait une phase bien distincte, la demi^re 
peut4tre avant ^extinction totale. Le role physique du IV type est done 
encore si mystdrieux, que j*ai cm pouvoir encore me confonner k Pexemple 
de d’Arrest, en suivant la classification formeUe de Secchi. 

It must again be stated that in the classifications so far con- 
sidered the stars are regarded as completely distinct from the nebulae, 
and that in the last of them even, stars having bright lines in their 
spectra, and in that resembling the nebulae, are brought together into 
the same class as such stars as a Lyrae and Sirius. 
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The first step towards my present views was taken when one day 
I attempted to trace the origin of the absorption fiutings in stars of 
Vogel's Class Ilia. So far, no one hod attempted to gain any 
information from them or to trace their origin, all the work having 
been confined to the absorption lines. It is true that both Dr. 
Hui^ins and Vogel, as well as others, had published maps of the 
spectra of these stars, showing the absorption flutiugs as well as the 
lines, but the origins of the former were not inquired into. 

It was at once perfectly obvious that among the chief absorp- 
tion fintings wore the most prominent of those seen in the spectrum 
of manganeso at the temperature of tlte oxy-coal-gos flame— a 
temperature at which only one line is visible, while in the sun all 
the lines of manganese are visible. 

Then the researches dotailo<l in Chapter IV. were undertaken: 
all the fiutings seen when the principal metals were exposed to 
this temperature were mapped, with a view of determining whether 
any others besides those of manganese were visible in the stellar 
^ctra. Several others, notably one of lead, was found to be 
present. 

Here, then, was proof positive of low temperature; from solar 
absorption to the absorption of these stars of Class Illds. we 
passed ftom phenomena produced at the temperature of the arc to 
those visible at the temperature of the oxy-coal-gas flame. 

In Chapter XVII. it has been shown that these identical 
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absorption phenomena are seen in comets long before they reach 
perihelion. 

We must, however, consider the vast difference in the way in 
which the phenomena of distant and near meteoric groups are 
necessarily presented to us ; and, further, we must bear in mind 
that in the case of comets, however it may arise, there is an action 
which drives the vapours produced by impacts outward from the 
swarm in a direction opposite to that of the sun. 

It must be a very small comet which, when examined spectro- 
scopically in the usual manner, does not, in consequence of the size 
of the image on the slit, enable us to differentiate between the 
spectra of the nucleus and envelopes. The spectrum of the latter 
is usually so obvious, and the importance of observing it so great, 
that the details of the continuous spectrum of the nucleus, however 
bright it may be, are almost overlooked. 

A moment’s consideration, however, will show that if the same 
comet were so far away that its whole image would be reduced to 
a point on the slit-plate of the instrument, the differentiation of 
the spectra would be lost ; we should have an integrated spectrum 
in which the brightest edges of the carbon bands, or some of 
them, would or would not be seen superposed on a conttuuous 
spectrum. 

The conditions of observation of comets and stars being so 
different, any very detailed comparison is really very difficult ; but 
the best way of proceeding is to begin as we have begun with the 
spectrum of comets, in which, in most cases, for the reason given, 
the phenomena are much more easily and accuratdy recorded. 

But another revelation stiU more startling was in store for me, 
when my assistants and myself had exhausted all the ffutings 
then known to us as origins for the so-called dark bands which 
remained, and found that none would fit, and we seemed at the 
end of our tether. 

My ten years’ work on carbon made itself quite rmconsciously 
felt at this juncture. It suddenly flashed upon me that the 517-2, 
516-7, 516-6, 516-7, 517-1, etc., recorded by Dundr in his observar 
tion of a Orionis as the edge of a dark band, eovild he notUv^/ hd the 
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edge of the hrigUeet land, of earlon} the bright cometaiy hand 
par exeellenee; and therefore that these so-called stars not only 
resemble comets in their absorption flutings, as 'we now learn, but 
in their radiation flutings as well ; in shorty these stars were comets, 
with the difference — a trifling one firom my then point of view — 
that they were not moving round our sun. 

This surmise has since been abundantly confirmed. The dark 
band of Dundr is a contrast land — ^the spectrum looks dark there on 
account of the extreme brilliancy of the carbon fluting. The other 
carbon flutings were next sought for and easily found, proving that 
these “ stars ” consisted of swarms of meteorites. 

The most prominent bright flutings of carbon therefore are not 
only observed in luminous meteors, comets, and nebulae, like that 
in Andromeda, but in stars of Class IIliz. So for, then, these 
bodies may be classed with luminous meteors, comets, and nebulce. 
The discussion further showed that the dark (or absorbing) flutings 
in these bodies were partly due to the absorption of light by the 
most prominent flutings of manganese and lead, seen at low tempem- 
tures. Wo have, then, in these bodies a spectrum integrating the 
radiation of coihon and the ahsor^^i of manganese and lead 
vapour, os in the case of some comets. 

The law of i)arsimony compels us to ascribe the bright fluting 
of carbon. in these “stars" to the same cause as that at work in 
comets, where we know it is produced by the vapours between the 
individual meteorites or repelled from them. Hence we aie led to 
conclude tlmt the absorption phenomena arc produced by incand- 
escent vapour surrounding individual meteorites which have been 
rendered intensely hot by collisions, while the carbon light comes 
&om the interspaces. 

These “stars,” therefore, cannot be masses of vapour like our 
sun, but they are unquestionably clouds of incandescent stones. 

This is one of the new viem. 

1 next refer to those “ stare,” few in number, in the spectra of 
which bright lines had been recorded. These stars, as I have 

‘ Dr. Oopaland urived at the eama oonolurion in 1886 in the ease of a “nev 
star” in Orion (dfoatUy MIeen E, A, S,, vol. xlvL p. 112). 
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already stated, are classed by Vogel with a Lyrse, in which no 
bright lines are seen. 

The first point that came out was that, if we make due allow- 
ance for the discrepancies hkely to occur in observations attended 
with great difficulties, the bright lines observed were lines which 
either have been observed in the vapours and gases given off by 
meteorites in vacuum tubes, or which we might expect to see in 
a combined series of observations on meteorites having different 
chemical constituents. Among these lines are Het, H^, H 7 , H 8 , 
464 570, 580, 687 ; in one case ( 1 st Cygnus) there are lines 

at 5065 and 5268, the latter due to iron. 

The next point was that there is the same progression in the 
absorption as there is in the bright line phenomena. In those 
stars in which bright lines are seen without the lines of hydrogen, 
we have no marked absorption lines, but rather bands. When 
the hydrogen lines are added, as in 7 Oassiopeise, then we get the 
line absorption of sodium and magnesium. 

In these stars, as in those of Glass Ilia., carbon was first traced 
by the blue fluting, and afterwards by the one at 617. In both 
cases these flutings, though recorded, were not recognised by 
previous observers. The difficulties of the stdlar observations must 
always be borne in mind. It wiU also be abundantly clear that a 
bright fluting added to a continuous spectrum may produce the 
idea of a bright line at the sharpest edge to one observer, while to 
another the same edge wiU appear to be preceded by an absorption 
band. 

JReferenee to the Old View, hy which it was mpposed some of the 
Sright-lim Phenomena imght ie aeeomied for. 

In the views which, some years ago, were advanced by my- 
self and others, to account for the bright lines seen in some of 
the "stars” to which reference has been made, the analogy on 
which they were based was founded on solar phenomena, the 
" stars ” in question being supposed to be represented in structure 
by our central luminary. The main constituent of the solar 
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atmosphere outside the photosphere is hydrogen, and it was precisely 
this substance which was chiefly revealed hy these stellar observa- 
tions and in the Novas, in which oases it was sometimes predomi- 
nant. A tremendous development of an atmosphere, like that of 
the sun, seemed to supply the explanation of the phenomena. 

Acting on this view in 18*78,^ I attempted to catch these 
chromospheric lines iu a Lyras, abandoning the use of a cylindrical 
lens in front of the slit with this object in view. 

Further, itwas quite clear that if such gigantic supraphotospheric 
atmospheres existed, their bright lines might much modify their 
real absorption spectra; even “worlds without hydrogen” Tnight. 
be thus explained without supposing a lusiis natural, and so I 
explained them. 

That this view is untenable, as I now believe, and that it is un- 
necessary, wiU, I think, bo seen from what follows. A long series 
of newly described phenomena, which arc absolutely incomprehen- 
sible while it is applied to them, find, 1 think, a simple and 
suflicieut explanation. 1 must hold that the view is untenable, 
because how a Ixidy constituted in any way like the sun could 
change its magnitude &om the thirteenth to tlio sixth every year 
or so, or change its hydrogen lines from bright to dark once a week, 
passes comprehension; and the more closely a “star” resembles 

^ ... TIio Min whiisli wo Reo, the win which BmulBim the minority of the light 

wo receive, is Imt n mnall kernel in n gigantic nnt, bo that tho diameter of the real 
sun may Im, any, 3,000,000 niilus. Supimao, then, tliat soino stars have very laige 
coronal atmosphoros ; if tho area of tho coronal atmosphere is small compared with 
the area of the Boctiou of the true disc of the sun, of counu we shall got an ordinary 
spectrum of the star ; that is to say, wo shall get the indications of absorption 
which make us class the stun aiiart— wo shall got a continuous spectrum barred by 
dark lines, lint supiKieo tliat tho area of tiie coronal atmosphere is something very 
eousidonible indeed— let ns assume that it lias an aroa, say iif(y times greater than 
tite section of the kernel of the star itself i now, although each unit of sarfaoe of 
that coronal aimesphero may be much less luminous than an equal unit of sur&oe 
of tho tmo star at tho oontn, yet, if the aroa be very large, the epeetroscoidc writing 
of that huge area will become visible side by side with tite dark lines due to the 
brilliant region in the centre whore wo can study absorption ; other lines (bright 
ones) proceeding ftom the exterior portion of that star will be visible in the 
spectrum of the apparent pofnl we call a star. Kow it is difficult to say whether 
such a body as that is a star or a nebula. Vfe may look upon it as a nebula in a 
certain stage of condensation; we may look upon it as a star at a certain stage of 
growth” ifioy, Sea Pna,, vol. xxvii., 1679, p. 60). 
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the sun, the less likely are such changes to happen. Even the 
minor evolutionary changes are inexplicable on this hypothesis, 
chiefly because in a completely condensed mass the temperature 
must be very high and constant, while I have shown that the 
spectroscopic phenomena are those of a specially low temperature ; 
and I may now add that many of the objects are extremely variable 
in the quantity and quality of the light they emit. 

Another cause of the appearance of the hydrogen lines has been 
suggested by Mr. Johnstone Stoney.^ He considers it due to the 
clashing together of the atmospheres of two stars, the outer con- 
stituent of the atmosphere — hydrogen — alone being raised by the 
friction to brilliant incandescence. 

Another objection we can urge against the old view is that all 
bodies in the universe cannot be finished suns in the ordinaiy 
sense, and that it leaves out of account all possible processes of 
manufacture, not only of single stars, but of double and multiple 
systems, at all stages between nebula and sun ; while the new one, 
by simply changing the unit from the star to each individual 
constituent, it is hardly too much to say, explains everything, 
though it is perfectly true that in some of the steps a considerable 
acquaintance with spectroscopic phenomena is necessary to realise 
the beauty and the stringency of the solutions. 


Tlie Question of Sydrogm in the Gase of BrigM-lim Stars, 

It may be convenient also that I should summarise the various 
conditions under which the lines of hydrogen are observed in the 
meteoritic swarms we are now considering. 

In the nebulae ” we begin with the widest interspaces. Euture 
investigation may, as I have suggested, show that those in which 
both hydrogen and carbon are absent are the most widely spaced of 
all Be this as it may, it is a matter of common knowledge 
that in the brighter nebulae, such as that of Orion, we have 
hydrogen probably associated with the low-temperature radiation of 
olivine. That the hydrogen is electrically excited to produce this 
1 Moy, Soe, I^oe,, voL xvii p, 64l 
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glow is suggested by the fact that the temperature of the meteorites 
themselves must be very low ; otherwise the magnesium would not 
show itself without the manganese and iron constituents, and the 
continuous spectrum would be much brighter and longer than 
it ia 

In a former chapter I showed that in my laboratory esperi- 
ments, when the pressure was slightly increased irt a tube contain- 
ing gases obtained &om meteorites, the carbon bands began to be 
visible. We should expect this to happen therefore in a meteor 
swarm at some point at which the mean interstitial space was 
smfdler than that accompanied by the appearance of the hydrogen 
lines ; and it would be natural that both should be seen together 
at an early stage and both feeble, by which 1 mean not strongly 
developed, as hydrogen is not stTOngly developed even in the 
nebula of Orion. 

The association of the low-temporaturo lines of hydrogen with 
the flutings of carbon was thurefoi-o to be expected, and I shall 
subsequently show that we have such an association in the so- 
callod bright-line stara ; and even at a further stage of develop- 
ment, in stars like a Orionis, tlio hydrogen is still associated with 
carbon. 

To sum up then : 'I'heso new spectrum comparisons had revealed 
iJir, ulars bodies which m/isi resemble nobulto, if nebuhe are 
anything like what 1 suppose tlusm to be. 

I’nitn the plauebiry nebuhe there is an undoubted orderly 
sequence of phenomena, if suocossivo stages of condensation are 
conceded, through two of Vogel’s classes of “ stars.” 

We must now go into more detail. 



CHAPTER XXXIII 


COMPAEISON OF THE SPECTBiL OF SOME STABS, COMETS, AND NEBTJLiE 

The stars to whicli I chiefly referred in the last chapter, the spectra 
of which indicated that, like comets and nebulae, they were really 
swarms of meteorites, must now be considered more in detaiL 
This ask recent observations enable us to do with a fair amount of 
compl teness. 


Difflcvities connected with the Discussion of the Spectra of 
Stars with Bright Dines. 

An inspection of the table (p. 367), in which I give the observa- 
tions already made upon bright lines recorded in the spectra of the 
bodies compared, will indicate at first sight an apparent variation 
■of the positions of the lines greater than might have been expected. 
This, however, I think, will vanish on the consideration of the 
whole question ; and for my part certainly all the examinations 
which I have made have led me to the conclusion that the various 
observations have been far better than it was almost possible to hope 
for when the great difficulties connected with them are considered. 

When it is remembered that, in order to get a determination of 
the position of a bright line, comparison spectra and prisms are 
needed, and that, from mechanical considerations alone, the appli- 
cation of these aids to research is very frequently attended with 
difficulties and uncertainties ; and further, when we consider that 
many of the observations have been necessarily made without these 
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aids, — ^the striking coincidences on the maps become of very much 
greater importance than the slight variations seen between the 
positions of the same line recorded by different observers in the 
same star. 

It will be observed, too, that the information in some cases is 
fuller in the blue part of the spectrum. This, though paradoxical 
at first sight, is easy to understand. The actual observations have 
really consisted in picking out bright lines from the background 
of continuous spectrum, whether in stars, nobulte, or comets ; and, 
as the continuous spectrum will be generally brightest in the 
yellow and green, so in this part of the spectrum we must expect, 
first of all, to get the least information, and then, when the inform- 
ation is obtained, to get the greatest uncertainty, on account of 
tho difficulty brought about by the greater luminosity of the 
background on which the line appears, or the presence or absence 
of carbon and other flutiugs. 


Coinpn'imi hcUcemt C'bwiaf.v tnid Bright-Une Stars. 

The conclusion aitived at in the iirovious chapter was that the 
stai-s with Ijright linos in their spectra ara nothing more than 
swarms of meteorites a little more condensed than those which we 
know as nobuko, llie main argument in favour of this conclusion 
was the presence of the blight flutiugs of carbon, which extends from 
4C8 to 474. This, standing out bright beyond their short con- 
tinuous spectrum, gives rise to an apparent absorption band in Hie 
blue. The varying measurements made by difTerent observers may 
IKWsibly have thrown a little doubt upon tho conclusion that the 
bright band was due to carbon, but recent observations at Ken- 
sington have placed tins b(^ond doubt. Direct comparisons of the 
spectrum of all throe of tho stars in Oygnus, with the flame of a 
spirit-lamp made by Mr. Fowler, showed an absolute coinddence 
of the bright band in tho star with tho blue band of carbon seen 
in the flame. The 10-inoh equatorial and a spectroscope having 
one prism of 60* and two helf-prisms wore employed. It was 
found quite easy to get the narrow spectrum of the star superposed 
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upon the broader spectrum of the flame, so that both could be 
observed simultaneously. 

Other evidence of the other chief carbon flutings was shown by 
slight rises in Vogel’s light curves near 517 and 564. These, how- 
ever, could not be as well seen as the band in the blue, because 
they fall on the bright continuous spectrum from the meteorites. 
In all three of the stars in Oygnus perfect coincidences have been 
found with the fluting at 517 in the spirit-lamp flame. 

Measurements have also been made of the brightenings in the 
spectrum of fy Oassiopeise by Mr. Fowler, and these were also 
found to be coincident with the carbon flutings 517 and 468 — 474 ; 
the citron fluting at 664 was not seen. 

To show the similarity of these spectra the following compari- 
sons are given between individual stars and individual comets : — 


Arg. Oeltzen, 17681 

Ooggia's Comet, Juno 16, 1874 

4C8--474 

472 

(517?) 

515 

640 

... 

564 

564 

679 

... 

Lalaucle, 13412 

Encke’s Comet, Nov. 8, 1871 

468—474 

4735 

480 

... 

(617) 

6160 

540 

... 

564 

663-2 

579 

... 

2d Oygnus 

Eneke’s Comet, Nov. 8, 1871 

468—474 

4735 

617 

6160 

540 

... 

564 

563-2 

568 


579 

• *« 

635 

... 

1st Oygnus 

Great Oomet, Oct. 22, 1882 

465-470 

471-2 (max.) 

486 

... 

507 

... 

(517?) 

517-1 

527 

... 

541 

. . • 

558 

557 

564 

564 

671 

... 

583 

... 
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3d Cvjfnus 

Comet III. July 27, 1881 

4G8— 474 

468—474 

517 

517 

540 


• *« 

546 

550 

556 

604 

564 

508 

><> 

57tl 

• • • 

035 

... 

7 Arji^iis 

408—474 

Comet Wells, June 10, 1882. 


5617 

• • • 

512*7 

(517) 


540-6 

6«4 

... 

• «« 

.67:i-8 

670 

580-3 

680 



5i»8*« 


613*3 


r> 25 ‘r> 

a 

638*2 


Tli(.‘«o examples ui'u suflloicnl to show that comets and “ bright- 
lino stiU'S,” as they htc otillml, ant very iutimalely connected with 
each other. It will Ixi seen that in five out of tlut six comparisons 
given, the hlno band of hot earism, 4(58 — 474, and tlm citron band 
at 5G4 are conimou to both comet and star ; and in the sixth case, 
that of Comet Weils, there is a good reason for their absence, as I 
shall subsetiuently show. The other cartion fluting, at 517, wliich 
is so commonly observed in eometai'y spoctnt, has only been 
recorded in 3d Cygmm by Vogel, but it has also been observed in 
all three stars ut Knn8ingt<m. Hut since the other two ilutings are 
never seen in laboratory exjmrimeuts without the fluting at 517, 
it is iierfimUy fair to assume that in some of the “ stars,” the 517 
fluting is masked by the bright eontinuons spectrum on which it 
is BUpor]iuscd. Accordingly, when 664 and 468 — 474 have been 
recorded, 51? (in brackets) has also boon entered in tbe tables. 
This being allowed, the carbon flutings are common to all the 
comets and stars given in the tables, with the exception of Comet 
Wells. In Ist and 3d Cygnus the manganese fluting at 658 is 
also common to the stars and comparison comets. 
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In tlie first five cases tlie coincidences are between the flutings 
of carbon and manganese, but in the last case we have a different 
relation. On the date given, Comet Wells was at perihelion, and 
the perihelion distance being small, high temperature phenomena 
were exhibited. The bright bines of sodium an(i^ iron became 
visible, and all traces of carbon fiutings disappeared. We know 
that ly Argus is hotter than the other bright-line stars in the 
tables, because of the greater length of its continuous spectrum 
(420 to 676), and it is therefore necessary to compare it with a 
hotter comet. Comet Wells has accordingly been selected, and it 
will be seen that the iron line at 679 and the D lines of sodium 
are common to both. The greater number of lines seen in Comet 
WeUs was no doubt due to the better conditions of observation. 

It must again be pointed out that in dealing with cometary 
spectra, the solar repulsion must be taken into account This 
causes the disappearance of the finer vapours from the head of the 
comet, and, when the perihelion distance is short enough, of vapours 
as dense as those of carbon compounds. This, no doubt, was what 
happened in the case of Comet Wells ; the carbon vapour which 
was pi'oduoed in the head was driven off whilst the denser iron and 
sodium vapours remained. In y Argus, however, there is no such 
repulsion, and the carbon remains along with the iron and sodium. 
Hence, it is highly probable that if Comet Wells at perihelion had 
been removed to a distance such that it put on the appearance of 
a star, its spectrum would have been almost identical with that 
of 7 Argus. 

There are several apparent discrepancies which require explana- 
tion. Perhaps the most important is the absence of the manganese 
line at 540 from cometary spectra. 

To show that the coincidences are not limited to individual 
stars and comets, the following general comparison is given between 
the spectra of comets and the stars in question. 

In the following table, all the lines and flutings recorded in 
bright-line stars, with the exception of 7 Cassiopeise, are given. 
The lines recorded by Sherman in 7 Cassiopei® have not yet been 
confirmed ; — 
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teiapetatuie. The lead flutiQg at 646 may be masked by contmuoas 
spectrum in the bright-line stars ; at all events, it appears as an 
absorption band when the swarms further condense. Besides tibe 
hydrogen and Dg lines, the lines 607, 640, and 635 appear in 
bright-line stars, but not in comets. 

This discussion, therefore, leads to the conclusion that bright- 
line stars resemble comets in their spectra, and therefore in their 
physical constitution — that is, they are swarms of meteorites. 

Comparison of Gomeis wUh Stars of the Mixed' jPlvii/ng Group. 

■When we come to consider the probable nature of swarms still 
more condensed than those which constitute bright-line stars, we 
must assume that the meteorites being much closer, collisions will 
increase in number, and metallic vapours will begin to surround 
the meteorites. Mixed absorption and radiation phenomena may 
therefore be expected. 

In the preceding chapter I also gave evidence to show that 
stars of Vogel’s Class IILa are of a cometary character, and a little 
more condensed than the bright-line stars. The ground on which 
this conclusion was arrived at was the probable presence of bright 
carbon fiutings, in addition to the metallic absorptions. Observa- 
tions of a Herculis and Mira Ceti by Mr. iFowler at Kensington, 
and by mysdLf at Westgate-on-Sea, have fully confirmed this view. 
The rapid increase of brilliancy of the flutings of Mira at its 
itiaxiTTunn , in 1888 left little doubt in my mind that they were due 
to carbon, and Mr. Bowler’s comparisons showed perfect coincid- 
ences with the carbon fiutings, with the dispersion of two prisms 
of 60°. 

Some of the origins which I suggested for the dark bands have 
also been tested by direct comparisons. Dun4r’s bands 4 and 5 
were found to be coincident with the manganese and lead fiutings 
at 658 and 646 respectively, and band 3 was found to be coincid- 
ent with the manganese fluting about ^86.^ 

^ Mr< Mannder ob8er7ed the speotroin of a Ozioius on 16ih December 1887^ and 
made oompansons 'with the spectra of carbon^ sodium, and manganese, as given by a 
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To begin our comparison of comets with stars of this nature, we 
may conveniently take the general list of bands recorded by Dun^r 
in his extensive and admirable observations of the stars of this 
group, and compare them with the most general list of cometary 
bands, excluding Comet Wells and the Great Comet of 1882 at 
perihelion. 

The coincidences here, it will be seen, are very striking. All 
the cometary bands, with the exception of those of cool carbon, are 
present in the stars of the mixed fluting group. As explained in 
another chapter, Dun(3r took all the bands as due to absorption, 
but a comparison similar to the foregoing led to the conclusion that 
some of them were bright flutings, and this has been confirmed by 
subsequent observations. The bright flutings are those of carbon at 
516 and 468 — 474, which, we have seen, are the two flutings most 
frequently recorded in cometary spectra. 

Bunsen flame. He states the results as follows '‘The carbon band at 5164 was 
eoinoiclent (within the limits of observation with this dispersion) with the bright 
space towards the blue of Band VL (Duner’s band 7), and the sodium lines were 
clearly represented by two dark lines near the middle of Band II. (Duner’s baud 3) ; 
but tho two manganese bands observed, not only did not coincide with any great 
band of the siiectrum, but wore very far distant from any of them. There were, 
indeed, faint lines alxiut tho neighbourhood of cither manganese hand, but the entire 
spectrum is full of such linos, and no fluting, nor anything corresponding to one, 
could bo detected near the place of these two bamls. A third manganese band was 
very close to Band II. (Dun6r’s band 3) of the stellar spectrum.” On the other hand, 
Vogel measured the position of the sharp edge of a fluting in a Ononis as 559*1, and 
Dun^r*s measures for tho same Yary from 557*5 to 559*3, none of which can be de- 
scribed as " very far distant ” from tho manganese fluting near 558. Mr. Maunder’s 
observation can only be explained by assximing that tho band in question is variable. 
This might be produced by variations in the intensity of the carbon flutings ; tho 
manganese fluting falls on the carbon fluting near 564, and, according to their rela- 
tive intensities, the manganese fluting will be visible or will bo masked by tlio 
carbon. According to Goro, the star was at a minimum in December 1887. 

The fluting near 586 corresponds to Duner’s baud 2, for which Dum5r measures 
wave-lengths varying from 585*4 to 586 1. It apparently escaped l\lr. Maunder’s 
notice, at the time he made his observations, that no reference was made xn my 
paper of November 1887 to any band in the star spectra which fell near the tliird 
fluting of manganese near 535. Tho first two flutings, near 558 and 586, foil so near 
to two of the dark bands in the spectra of the stars of Group IL that there was strong 
ground for believing them to bo due to manganese. This has since been abund- 
antly confirmed by Mr. J’owler's direct comparisons of tho manganoso flutings with 
the spectra of several stars of tho group. 


X Greenwich OUenatlonSi iaS7, p. 22. 
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It is dear that in this comparison only the sharp edges of 
Bun^r's bands must he considered, as the other wave-lengths simply 
indicate approximately where the flutings Me away. The sharp 
edges are constant, whilst the others vary according to the q^uantity 
of vapour present.' 

As in former cases, several apparent discrepancies have to he 
considered. Cool carbon, for example is absent &om the stars, and 
this no doubt is because the stars are too hot, as shown by the hot 
carbon flutings. 

Under the heading of “Dundr’s Bands ” I give the mean wave- 
lengths measured by Dundr for the dark bands, and the limits of 
the bright spaces which are due to carbon. 

The figures first given refer to the sharp edges of the flutiags ; 
the other figures indicate approximatdy where the flutings fade 
away. 


Comets. 

Dundr's Banda. 

Probable 

Origins. 

X of Probable 
Origin. 


461—451 

Bright space 

Ob 

460—451 

. • • 

461—473 

(10) Dark space 

• * « 

... 

468—474 

472—476 

Bright space 

0 (hot) 

468—474 

... 

476—486 

(9) Dark space 

... 

... 

483 

... 

... 

0 (cool) 

483 

... 

495—486 

? Bright fluting 

? 

... 

500 

495—602 

(8) Dark fluting 

Mg 

500 

617 

516—502 

Bright fluting 

0 (hot) 

517 

519 

... 

... 

0 (cool) 

519 

521 

516—622 

(7) Dark fluting 

Mg 

521 

"1 

624—627 

(6) Dark fluting 

Ba (2) 

526 


544—661 

(5) Dark fluting 

Pb 

546 

558 

559—664 

(4) Dark fluting 

Mn(l) 

568 

661 

... 

... 

0 (cool) 

561 

564 

... 

... 

0 (hot) 

564 

... 

585—694 

(3) Dark fluting 

3dji(2) 

586 

[616] 

616—630 

(2) Dark fluting 

Fe 

615 


647—668 

1 

(1) Dark fluting 

% 

... 


This comparison shows that there is a very close relation be- 
tween comets and these stars independent of the probable chemical 
origins of the lines su^iested. Bright carbon flutings, the man- 
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ajiese fluting at 558, the lead fluting at 546, the iron fluting at 
15, and the magnesium fluting 521 are common. 

The hot carbon fluting at 564 is in all probability present in 
tars of this class, but is always masked, in some cases by 
ontinuous spectrum, and in others by the absorption fluting of 
aanganese, which is nearly coincident with it 

The second fluting of manganese, near 586, though one of the 
aost prominent in stars of Class Ilia., has not been observed in 
ometary spectra, probably because there is not sufficient con- 
inuous spectrum from the sparse meteoritic background of the 
omet to produce the absorption of more than the first fluting of 
aanganese. 

Dundr’s band 1, 647 to 668, has not yet had an origin assigned to it 
All the bands observed by Dundr are not seen in every star of 
he mixed fluting group, but, as shown in Chapter XXXVI., some of 
hem contain only three or four bands, whilst others contain more, 
,nd a few of the brightest contain all the bands. It is shown that 
he number and intensities of the bands enable us to arrange the stars 
a order of temperatures. If, then, comets are like the stars of 
his group, we should find individual stars and comets to corxe- 
pond with each other, due account being taken of the fact that the 
tars are not subjected to any repulsion like that exercised by the 
un upon comets. A few oases are given below. 


Diin<5r’H No. 56. 
(408—474) 

616—522 
(568 maHkcd "by 

664) 

685—694 

016—630 

Great Coiwet, 1882, Oct. 22 

471-5 

617-1 

558 

564 

615* 

Dim^jr^s No. 93* 

Comet III. 1881, July 87 

(468—474) 

468—474 

616—622 

017 

644_561 

646-8 

669—664 

58e-6 

685—694 

... 

610—630 

... 


• Oteerveil on ISth September by Copeknd. 
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Dtm^r’s No. 7. 

(468—474) 

496_602 

616—622 

644—661 

585—694 

616—630 

Broraea’B Oomet, 1879, April 16 
470 

516 

646 

Dimer’s No. 163. 

Comet III. 1881, June 28 

(468— 474) 

468—474 

495—502 

••• 

616—622 

616-3 

544—561 

• « . 

669—564 

563 

(564 maflked) 

663 

686—694 


616—630 

... 

Dun^r’fl No. 101. 

Comet Wells, 1882, May 31 

495—502 

601-7 


612-7 

616—522 

... 

• •• 

640-6 


673-8 

... 

580-3 

686—694 

/6893 1j. 


1 6898/® 

• <•4 

698-8 

616—630 

613-3 

• • • 

626-6 

— 

638*2 

Dundr’s No. 163. 

Great Cornet^ 1882, Sept 18 

496—602 

• 44 

610 

• • • 

611-6 

' 616—622 

617-6 


520-3 

622 

620-7 

... 

626*9 

... 

632-7 

■ 4« 

637-0 

444 

640-0 

444 

642-8 

544—661 

647-4 

569—664 

667-4 

••• 

679-7 

686—694 

688-9 

444 

689-3 j ^ 

444 

690-0 
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These tables show again that the stars with mixed flutings are 
very closely related to comets. The number of bands seen in the 
stars is generally greater than that seen in the comets, but all the 
cometary bands are amongst those seen in the stars. Two of the 
bands which have not been seen in comets are 495 — 502 and 585 — 
594, but that at 616 was seen in Comet Wells when near peri- 
helion. 

There can be little doubt, therefore, that the bright-line stars ” 
and stars with mixed bnght and dark flutings in their spectra are 
very like comets, and are nothing more than swarms of meteorites. 


General Comjparisons, 

In preceding chapters and in the present one I have shown 
that the spectra of bright-line stars and stars of Class are 
closely related to the spectra of comets, which is our common 
point of comparison. In the table which follows all the spectra 
are brought together and compared. It is not suiffieient to show 
that each resembles comets in some respects, as each one might 
have some feature which was absent in the other. I, therefore, 
give the table on page 307 to show how far they resemble each other. 
In the last column the dark bands, which are simply due to absence 
of radiation, and are not really absorption bands, are omitted ; and 
I have added the spectra of aurorm and nebulm for the sake of 
completeness. 

It will bo seen that there are three flutings which run 
through the five columns, namely, 468 — 474, 517, and 558 ; and 
four more, II 480, Mg 500, Mg 521, and Ph 540, occur in four out 
of the five columns. Out of the thirty-four lines or flutings given, 
there are nineteen which occur in less than three columns, but this 
number is greatly reduced when slight differences of temperature, 
masking effects, and the exceptional conditions of comets are taken 
into account. 

The facts to which reference has just been made may 
perhaps conveniently be put in another way, with special refer- 
ence to carbon, by the table on page 368. It consists of a 
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list of the bodies wMcb contain either one or both of the 
carbon flutings near 517 and 468 — 474 the latter being a group 
of futings, which, as I have before shown, ^ sometimes has its 


Nebnlse. 

Atirora. 

Cozaets. 

Stajs. 

Stars mth Mixed 
Plutings. 

4101 

mM 






[426] 


... 

• • « 


431 


449 (bright space) 

434 


... 


••• 

447 

■MH 

... 


... 


hbh 

... 


461 — 461 bright 

468—474 


468—474 


472 — 476 „ 

479 

482 

483 

... 

... 

486 

486 

486 

486 

... 

4968 

... 

... 

... 

4968—486 bright 

600 

600 


... 

602—4969 dark 

609 

... 

... 

607 

... 

617 

617 

617 

617 

616—602 bright 

• •• 

619 

619 

... 

... 

620 

622 

621 

... 

622—616 dark 


... 

... 

... 

624—627 „ 

627 

... 

[627] 

827 

... 

• • • 

631 

... 

... 

... 

« • • 

636 

... 

... 

t . . 


639 


540 

. . . 

646 

545 

546 

... 

544—651 dark 

664 

... * 

... 

... 

-a- 

669 

568 

668 

568 

559—564 dark 



561 

... 

... 



564 

564 

... 



668 

568 

... 

• * « 


[679] 

679 

... 

* ■ • 


... 

... 

686—694 dark 

6872 (Dj) 


... 

6872 

... 


... 

[689] 

689 

... 



... 

... 

... 

f 

620 

[616] 

... 

616—630 dark 


630 


635 

... 


point of maximum brightness shifted from 474 to 468. The flut- 
ing near 564 has been omitted from the table, as it is generally 
masked, either by continuous spectrum, or by the superposition of 
^ Itoy. Soc. JProG.9 voL xxx7. p. 167- 
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l^e fluting of manganese near 558. The wave-lengths given ate as 
measured by the various observers stated. 

It will be seen that the record of the presence of the flutings of 
carbon, seen in comets, is unbroken &om a planetary nebula through 
stars with bright lines to those resembling a Herculis. 

It is now universally agreed that comets are swarms of meteor- 
ites, and the tables wMch I have given show that bright-line stars 
and stars with mixed flutings, as well as aurorae and nebulae, 
have spectra closely resembling those of comets ; this connection 
strengthens the general view, which would have been worthless had 
the stellar spectra been otherwise. 

billowing for differences in the conditions of observations, the 
discussion shows that the changes in the spectrum of a meteor 
swarm in the solar system are closely related to those which take 
place in a swarm outside the solar system. In both cases, when 
the number of collisions is just sufficient to render the swarms 
visible, the spectra are identical, consisting simply of the radiation 
at 600. In each case an increase in temperature is accompanied 
by the addition of continuous spectrum. Further condensation of 
the nebulous swarm results in an apparent star with a spectrum 
consisting of bri^t flutings and lines in addition to continuous 
spectrum, and this condition, we have seen, also has a parallel 
in cometary spectra. StiQ flirther condensation of the nebulous 
swarm results in a body, giving the radiation of carbon and metallic 
fluting absorption. It has been seen that this is also reproduced in 
cometary spectra. 

The next stage in the history of a nebulous swarm is the forma- 
tion of a body, in which the carbon radiation has disappeared, and 
the metallic fluting- has given way to Hne-absorption. This, we 
have seen, was exactly reproduced in the Great Comet of 1882, and 
in Comet 5, 1881, to which reference has just been made. In the 
former case, both radiation and absorption lines were recorded, 
this being due to the repdlent action of the sun, as already 
explained. 

The general sequence of phenomena, both in nebulous swarms 
in i^ace and comets, may be stated as follows — 

2 B 
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(500) radiation. 

Carbon and manganese fluting radiation. 

Manganese and lead fluting absorption. 

Line radiation and absorption. 

Schiaparelli's view, therefore, that comets consist of materials 
similar in nature to that of which the nebulae are composed, 
drawn into the solar system by solar attraction, is now abundantly 
demonstrated by the spectroscopic survey of nebuloe, stars, and 
comets detailed in this and the previous chapters. 



PAET VI 


PROPOSED NEW GROUPING OF COSMICAL 
BODIES 



CHAPTEE XXXIV 


GEfTEEAL STATEMENT 

The conclusions anived at in the last chapter are so definite that 
we must hold that there are classes of cosmical bodies increasing 
their temperature by condensation. As I have shown, the old 
classification went on the supposition that all bodies were reducing 
their temperature. 

If we must abandon this view, are we to hold that aU bodies 
are increasing their temperature 1 I pointed out in the year 
1886 ^ that the time had anived when stars with increasing 
temperatures would require to be fundamentally distinguished from 
those with decreasing temperatures, but I did not then know that 
this was so easy to accomplish as it now appears to be ; and, as I 
have already stated, when we consider the question of classification 
at all, it is neither necessary nor desirable that we should limit 
ourselves to the stars ; we musi include the nebulae and comets 
as well 

We have long had independent evidence that our own sun 
and, therefore, the other stars similar to it are cooling. The next 
piece of evidence that was afforded came ficom Class III&., as com- 
pared with the new reading of the spectra of Class^IIIa. 

In this class we have to deal with fiutings, iui these are aU of 
ccurbon and all almrlmg. There are no bright fiutings, and therefore 
no spaces between meteorites giving out light. It is perfectly dear 
that although the temperature of these stars may not be widely 

* NiOitre, voL sxsir. p. 228 . 
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different &om those of Class Ilia., their physical nature must be 
as different as possible. 

In this I found an argmnent in addition to that advanced by 
Pechiile (see ante, p. 846) against these stars being classed vrith 
those with bright flutings, to which I referred in the last chapter, for 
while the latter are certainly comet-like swarms increasing their 
temperature, if my view is correct, those of Glass III5. are as 
certainly masses surrounded merely by an absorbing atmosphere 
containing carbon, and all such bodies must be cooling. 

Now by common consent stars like a Lyrse are the hottest in 
the heavens. So far, then, we have made out stars getting hotter, 
stars getting cooler, and hottest stars. 

In order to bring these results in a definite form before my own 
mind, I prepared a diagram which I have called a temperature 
curve, so that on one arm of it we may consider those stages in the 
various heavenly bodies in which, in each case, the temperature is 
mcreasiog ; at the top we r^resent the condition of greatest heat, 
while on the other side of the curve we represent cooling bodies. 
This curve rendered the whole matter dear in an instant. 

We had condensing swarms of meteorites on the ascending 
arm; globes of meteoritic vapours produced, as the final result of 
condensation, at the top ; and cooling globes of gas, with fiboally the 
formation of a crust on the other arm. To state this condusion in 
greater detail: On the arm of tho curve representing increasing 
temperature, we shall have at various heights those aggregations 
which give us indications of a gradually increasing temperature 
brought about by collisions, beginning with meteorites as widdy 
separated as they can be to keep vp any Iruninosity at all, and 
finally vaporous condensations due to gravity. At the top of such 
a curve we shall of course have that condition in which the highest 
temperature must be assumed to erdst This is brought about by 
the final change of all the motions of a swarm into heat. In a 
letter to M. Dumas in the year 1872, 1 suggested that possibly the 
simplification of the spectrum of a star might be associated with 
the highest temperature of the vapour, and that idea seems to have 
been accepted by other observers since that time. We shall have 
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then stars of Yogel’s Glass L at the top of the temperature curva 
On the arm of the curve descending from stars of the first ftlnap to 
those in which we get first vaporous combination— those bodies in 
which the absorption of compound molecules is indicated, without 
any radiation, and then ultimately the formation of a crust due to 
the gradual cooling of the mass, which in time produces dnrTr 
bodies like, say, the companion to Sirius or our own earth. On 
this arm the stars of Glass Illh of Vogel must undoubtedly be 
placed. 

I do not suppose that there will be any difficully in recognis- 
ing that if the nebulse, stars with bright lines, and stars of the 
present Glass Ilia, and Illh are constituted as I slate them, all 
the hottest stars and those more closely resembling the sun 
in structure, must find places on the temperature curve pretty 
much as I have suggested; the origin of these groups being, 
first, still further condensation, then the condition of maadmun) 
temperature, and finally the formation of a photosphere and crust. 

But here a very interesting question arises. Speaking roughly, 
it may be'said that the construction of such a curve as that I have 
imagined suggests that similar or nearly similar temperatures will 
be found on either side. This in the main, of course, is true ; we 
know that stars of Gloss Ilia, are still increasing in temperature by 
the condensation due to gravity, while the red stars of Glass IIB. 
are at a nearly equal mean temperature, but are cooling bodies. 

In these extreme oases the differentiation between the two 
groups was comparatively ea^; but in the case of those stars 
wliich are a little loss hot than the hottest whether they are getting 
hotter or cooler, the Eq)0ctral difference cannot nearly be so well 
marked, as both classes will have line spectra. But it is obvious that 
if we take two points near the top of the curve, we shall have very 
nearly the same tomperatnre of the atmosphere, by which I mean 
the temperature of the layers in mther case which are most effective 
in producing the phenomena of absorption. To take a concrete 
case— Stars of the second dass are obviously, by the consent of all, 
of a lower temporature than stars of the first class : on which side, 
therefore, of the curve must th^ be placed? Or, to take a more 
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concrete case still — Our stin is a star of the second class : on which 
am of Ihe cnrre must we place the sun ? 

Yogel, and others before him, working on the gumption that 
all the heavenly bodies were reducing their temperature, practically 
included all stars between the hottest and the coldest in one class 
(Glass Ha. of Yogd), and he held that all stars in this class were 
cooling ; but if the hypothesis on which we are working be true, it is 
imperative that these bodies should be resolvable into two groups, 
one increasing and one decreasing in temperature with spectra 
proper to each. One spectrum will represent the phenomenon of 
decreasing temperature of the absorbing layers, while the other series 
will represent the phenomenon of increasing temperature. On the 
ascending side of the curve the varying volatilities of the meteoritic 
constituents of the swarms brought out by successively higher tem- 
peratures are in question, whilst on the descending side of the 
curve we have to deal with successive chemical combinations, 
brought about by a fall of temperature in a gaseous mass. 

What considerations are likely to help us in such an inquiry as 
this? On the rising curve the temperature will be thai^ as a 
rule, of individual meteorites and the vapours given out by them, 
while on the descending am it will be the temperature of the 
consolidating vaporous mass. The atmosphere of a star built up 
by meteorites should resemble in its constitution the totality of the 
chemical constitution of meteorites, and therefore it might be 
inferred that the spectroscopic phenomena presented by such an 
atmosphere would not be widely different from the spectroscopic 
phenomena presented by the vapours of many meteorites volatilised 
together. 

To investigate this question I obtained composite photographs 
of the spectra of several meteorites, with a solar spectrum for 
purposes of comparison. I find that wMle, on the one hand, the 
composite photograph giving us the spectrum of the meteorites 
greatly resembles that of the sun, as it should do, there are some 
variations which suggest the line of separation to which I have 
before alluded. From Dr. Huggins’s magnificent photographs of 
the stars we learned that, as I had predicted years before the 
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photographs were taken, the thickness of H and K varies very 
greatly in different stellar spectra. In those stars, presumably the 
hottest ones, in which we get the series of hydrogen lines almost 
alone as great absorbers, K is almost absent ; it finally comes in, 
however, and after a certain stage has been reached it is the most 
important line in the spectrum. But there are stars in which the 
lines 7i and G of hydrogen are not very much more developed tbnn 
they are in the case of our own sun, in which K is much thinner 
than in the solar spectrum ; and associated with this condition of 
K there is the absorption of a hydrogen line more refrangible 
than K at wave-length 3800, which is not represented in the solar 
spectrum with anything like the intensity. The question arises, 
therefore, whether the enormous thickening of K observed in the 
3 im and some other stars may not be limited to those stars which, 
like our sun, are reducing their temperature ; for we certainly are 
justified in assuming that the temperature of the sun now is not so 
high as it was in an earlier stage of the development of the system. 
Such a difference as that, if it is subsequently established, can only 
come from the atmosphero, as an effect of cooling, becoming richer 
in those substances the lines of which get broader as the star cools 
down. We can easily imagine that during the process of cooling 
blio relative quantities of the vapours should not always remain 
constant, although it is impossible in the present state of our 
knowledge to give any particular reason why such and such 
vapours should disappear from the spectrum in consequence of 
chemical combinations, while othera should develop apparently in 
3onse(j[uoncc of their retirement. 

1 shall show in a subsequent chapter that a complete differenti- 
ition of stars with absorption lines— cooler therefore than a Lyrse, 
and hotter than stars of either Class Ilia, or IIB. — ^has been 
effected. 

We must, therefore, distribute the stars of Vogel’s Class IIo. on 
sither side of tlie apex of tlie curve, which, therefore, will stand 
as shown in Fig. 68, p. 380. On this curve the new classification 
is based. 

In the first classification on these lines, which is certain to be 
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modified as oui knowledge gets more exact, it is desirable to keep 
the groups as small in number as possible ; the groups being broken 
up into sub-groups, and these into specif, as the various minute 
changes in spectra brought about by variations of temperature are 
better made out. 

To begin, then, a more general classification with the lowest 
temperatures, it is known that the nebulae and comets are dis- 
tinguished from most stars by the fact that we get evidence of 
radiation alone, or almost alone. Absorption has been detected in 
the spectra of some nebulae, and has been observed beyond all doubt 
in some comets; 'and there are some stars in which we also get 
radiation, accompanied by certain absorption phenomena. But 
there is no'difflcully in showing that nebulae and comets are more 
special on account of their bright lines than on account of their 
absorption bands. I have already shown that the stars with 
bright hues are most closely allied to nebulae ; indeed, it seems 
as if they are very nearly akin to those condensations in 
nebula, which are strikingly visible in the nebula of Orion, 
which gave them the appearance of resolvability. In nebulae, the 
spectra of which are recorded as continuous, lines including the 
remnants of some of the carbon flutings, which have been traced 
in the spectra of bright-line stars, are also present. !From this 
point of view, the various recorded observations of regions of 
different colour in certain nebulae acquire an additional interest. 
It is also clear that since the only reel difference between 
comets and other meteor swarms of equal denseness is that the 
former are in motion round the centre of our eystem, comets 
whether at aphelion or at perihelion will fall into this group. 
We may, therefore, form the first group of bodies which are dis- 
tinguished by the presence of bright lines or fiutmgs in their 
spectra. 

The great distinction drawn between the first group and the 
second is that evidences of absorptibn now become prominenl^ and 
side by side vnth the bright flutings of carbon, and occasionally the 
lines of hydrogen, we have well-developed fluting absorption. The 
second group, therefore, is distinguished ficom the first by the 
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'^sence of bright and daik (or mixed) flutings, as well as lines, in 
le spectrum. 

The passage from the second group to the third brings us to 



those bodies of increasing temperature, in which carbon radiation 
and fluting absorption have given place to line absorption. 

The earlier bodies contain the line absorption of those sub- 
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stances of wMch we get a paramount fluting absorption in the 
prior group. The absorption of hydrogen will also increase while 
the other diminishes. 

The next group, the fourth, brings us to the stage of highest 
temperature, to stars like a Lyrse ; and the division between this 
group and the prior one must be more or less arbitrary, and cannot 
at present be defined. One thing, however, is q[uite dear, that no 
celestial body without all the ultra-violet linea of hydrogen dis- 
covered by Dr. Huggins prominently absorbed can belong to it 

We have now arrived at the culminating point of temperature, 
and next pass to the descending arm of the curve. The fifth group, 
therefore, will contain those bodies in which the hydrogen lines 
begin to decrease m intensity, and other absorptions to take place 
in consequence of reduction of temperature. Our sun bdongs to 
this group. 

It seems fair to assume that physical and chemical combinations 
will now have an opportunity of taking place, thereby cbaugiTig 
the constituents of the atmosphere ; that at first with every decrease 
of temperature an increase in the absorption lines may be expected, 
but it will be impossible that the coolest bodies in this group will 
resemble the first ones in the third group. 

In the next group, the sixth, the distinct characteristics are the 
absorption flutings of carbon. The species of which it will ulti- 
mately be composed are already apparently shadowed forth in the 
map which accompanies Dundr’s volume, and they vrall evidently 
be subsequently differentiated by the gradual addition of other 
absorptions to that of carbon, while at the same time the absorption 
of carbon gets less and less distinct. 

To sum up, then, the classification I prcpose consists of the 
following groups : — 

Group L — ^Badiation lines and flutings predominant. Absorp- 

tion beginning in the last species. 

Group n. — ^Kixed radiation and absorption predominant. 

Group lU. — ^line absorption predominant, with moreat/wg 
temperature. The various species will be 
marked by increasing simplicity of spectrum. 
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Group lY. — Simplest line absorption predominant. 

Group V. — Line absorption predominant, with decreasing tem- 

perature. The various species will be marked 
by decreasing complexity of spectrum. 

Group YI. — Carbon absorption predominant. 

Group YII. — Extinction of luminosity. 

It wiU be seen from the above grouping that there are several 
fundamental departures from previous classifications. 

The presence of the bright flutings of carbon associated with 
dark metallic flutings in the second group, and the presence of only 
absorbing carbon in the sixth, appears to be a matter of funda- 
mental importance, and to entirely invalidate the view that both 
groups (the equivalents of IIIos. and IIB. of Yogel) are produced 
from the same mass of matter on cooling. This point has already 
been dwelt upon by Pechule. 

Another point of considerable variation is the separation of 
stars with small absorption into such widely different groups as 
the first and fourth, whereas Yogel classifies them together on the 
ground of the small absorption in the visible part of the spectrum. 
But that this classification is unsound is demonstrated by the fact 
that in these stars, such as y Cassiopeise and ^ Lyrae, we have 
intense variability. We have bright hydrogen lines instead of 
inordinately thick dark ones ; and on other grounds, which I shall 
take a subsequent opportunity of enlarging upon, it is clear that 
the physical conditions of these bodies must be as different as 
they pretty well can be. It may be further pointed out that, 
speaking generally, we may say that there are two causes of 
minimum absorption phenomena in stars. In the first place, as in 
the bright-line stars, only a little vapour surroimds each meteorite, 
and that vapour consists of the substances visible at the lowest 
temperature; while, on the other hand, in stars like Sirius, in 
consequence of the absolute state of vapour, we only get 
practically the absorption of hydrogen, or at all events the 
absorption of hydrogen in great excess — due, I have very little 
doubt, in part to the fact that most other substances have been 
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dissociated bj the intense heat xesnlting from the condensation of 
the meteorites. 

It 'will be seen also that, -with oni present knowledge it is, 
as yet, impossible to separate those stars the grouping of which is 
determined by line absorption into the Groups IIL and Y., for the 
reason that so far, seeing that only one line of temperature, and 
that a descending one, has been considered, few efforts have been 
made to establish the necessary criteria; but the work has been 
already commenced 
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I. Sub-Group— Nebulas 

Haying, in the preceding chapter, attempted to give a general idea 
of that grouping of celestial bodies which in my opinion best 
accords with our present Imowledge, and which has been based 
upon the assumed meteoritio origin of all of them, I now proceed 
to test the hypothesis further by showing how it bears the strain 
put upon it when, in addition to furnishing us with a general 
grouping, it is used to indicate how the groups should be still 
further divided, and what specific differences may be expected. 

The presence or absence of carbon will divide this group into 
two main sub-groups. 

The first will contain those nebulae in which only the spectrum 
of the meteoric constituents is observed, with or without the 
spectrum of hydrogen added. 

It will also contain those nebulae in which the ordinary spectrum 
is masked by a continuous one containing, superposed upon it, 
the carbon bands, as occurs in the great nebula in Andromeda. 

In the second sub-group will be more condensed swarms stUl, 
in which, one by one, new lines are added to the spectra, and 
carbon makes its appearance in more decided fashion ; while prob- 
ably the last species in this sub-group would be bodies represented 
by y Oassiopeiae. 
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JS^edes of N^ulce. 

I have elsewhere referred to the extreme difScnlty of spectro- 
scopic discrimination in the case of the meteor swarms which are 
jnst passing from the first stage of condensation ; and it may well 
he that we shall have to wait for many years before a true spectro- 
scopic classification of the various aggregations which I have 
indicated can be made. 

It is dear from what has gone before that in each stage of 
evolution there will be very various surfaces and lod of collision 
in certain parts of all the swarms, and we have already seen that 
even in the nebulosities discovered by Sir William Herschd, which 
represent possibly a very inchoate condition, there are bright 
portions here and there. 

If the conditions in the highly elaborated swarms and in the 
nebulosities are such that the number of collisions in any region per 
cubic million mUes is identical, the spectroscope will give us the 
same result. In the classification of the nebulas, therefore, the 
spectroscope must cede to the telescope when the dynamical laws 
which must influence the interior movements of meteoric swarms 
have been fully worked out. The spectroscope, however, is certainly 
at one with the telescope in pointing out that the so-called planetary 
nebulae ace among the very earliest forms — ^those in which the 
collisions are most restricted in the odliding regions. The colour 
of these bodies is blue, tinged with green ; they do not appear to 
have that milkiness which generally attaches to nebulas, and the 
bright nebulous lines are seen in some oases absolutdy without any 
trace of continuous spectrum. In higher stages the contiauous 
spectrum, and also the bands of carbon, come in. 

But in all the bodies of Group 1 which possess forms visible to 
us in the tdescope, it would seem proper that their classification 
should depend mainly— ‘at present at all events— upon their tele- 
scopic appearance, and there is very little doubt that a few years’^ 
labour with the new point of vidw in the mind of observers armed 
with sufficient optical power, will enable us to make a tremendous 
stride in this direction ; but it seems already that this must not be- 

2 0 
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done without spectroscopic aid. For instance, if what I have 
previously suggested as to the possible origin of the planetary 
nebulie be accepted, it is clear that in those which give us the 
purest spectrum of lines — one in wHch there is the mim'minr. of 
continuous spectrum — ^we find the starting-point of the combined 
telescopic and spectroscopic classification, and the line to be followed 
will be that in which, (ucteris paribus, we get proofs of more and 
more condensation, and, therefore, more and more collisions, and 
therefore liigher and higher temperatures, and therefore greater 
complexity in the spectrum, until at length “ stars ” are reached. 

When true stars are reached, those in a cluster may appear 
nebulous in the telescope in consequence of its distance; the 
spectroscope must give us indications of absorption. 

It is not necessary in this connection, therefore, to refer to un- 
doubted star cluster’s, as the presence of absorption will place 
them in another gi’oup ; but the rernavli may bo made that it is not 
likely that future rescai’ch will indicate that new groupings of 
stars, such as Sir William Hor’schel suggests in his paper on the 
breaking up of the Milky Way, will diffor in any essential par- 
ticular from the successive groupings of meteorites which are 
watched in the uobuke. Space and gravitation being as they are, 
it is not necessary to assume that any diiferenco of kind need exist 
in the groupings formed by stare and rnctcoritio dust ; indeed, there 
is much evidence to the contrary. 

n. Sub-Gkoop— Buichit-line Stabs. 

It might appear at first sight that the distribution of bright- 
lino stars among various species should be vor-y easy, since a 
constant rise of temperature should bring out more and more lines, 
so that species might be based upon complexity of spectrum merely. 

But this is not so, for the reason that the few observations 
already recorded, although they imiut to the existence of carbon 
bands, do not enable us to say exactly how far the masking process' 
is valid. Hence, for the present, I content myself by giving some 
details relating to masking, and the results of the discussions, so 
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far as they have gone, in the case of each star. I shall return to 
the line of evolution of these bodies later on. 


Maskmg of Badiation Effects produced ly Variations of Interspacimg. 

1 have already shown how carbon bands are apt to mask or be 
masked by the appearance of other spectral phenomena in the 
region of the spectrum in which they lie. In this way we can not 
only account for the apparent absence of the first manganese fluting, 
while the second one is visible, but it is even possible to use this 
method to deterihine which bands of carbon are actually present. 
There is another kind of masking effect produced in a different way, 
and this shows itself in connection with sodium. It is well known 
that when the temperature is low, D is seen alone, and if seen in 
connection with continuous spectrum, the continuous spectrum is 
crossed by either dark or bright D, according to the existing 
circumstances. 

I showed some years ago that the green line of sodium (but 
not the red one) is really visible when sodium is burned in the 
Bunsen burner. It is, however, very much brighter when higher 
temperatures are used, although, when bright, it does not absorb in 
the way the line D does. 

Now, if we imagine a swarm of meteorites, such that in the 
line of sight the areas of meteorite and interspace are e(iual, half 
the area will show D absorbed, and the other half D bright •, and 
in the resulting spectrum D will have disappeared, on account of 
the equality, or nearly equality, of the radiation added to the 
absorption of the continuous spectrum. The light from the inters 
space just fills up and obliterates the absorption. 

But if the temperature is such that the green line is seen as 
well as D, in consequence of its poor absorbing effect there will be 
no dark line corresponding to it in the resulting spectrum, but the 
bright green line from the interspaces will be superposed on the 
continuous spectrum, and we shall get the apparently paradoxical 
result of the green line of sodium visible while I) is absent. This 
condition can be partly reproduced in the laboratory by volatilising 
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^ small piece of soduim between the poles of an electric lamp. 
The green line will be seen bright, while D is dark. 

In the bodies in which these phenomena apparently occur— for, 
so far, I have found no other origin for the lines recorded as 569, 
570, and 571, the wave-length of the green sodium line being 5687 
— such as Wolf and Hayet’s three stars in Cygnus and in 7 Argus, 
the continuous variability of D is one of the facts most clearly 
brought out by the observations, and it is obvious that this sbnniii 
follow if from any cause any variation takes place in the distance 
between the meteorites. 

In all meteoritic glows which liave been observed in the labora- 
tory, not only D, but the green line has been seen constantly 
bright, whilo wc know that in Comet Wells most of the luminosity 
at a ceitain stage of the eomot’s history was produced by sodium. 
It is, therefore, extremely probable that the view above put forward, 
rather than an abnonnal chemical constitution of the meteorites — 
that is to say, one in which sodium is absent — must be taken as 
an ex])lanation of the alwencc of I) when not seen. This may 
even explain the fact that up to the present time the D line of 
sodium has not been I'ceorrled in the spectrum of any nebula. 

The spectrum of o Ceti, as photograplied by I’rofessor Pickering 
for the Ilemy Draper Memorial, shows all the bright hydrogen 
lines in the violet and ultra-violet, with the excejition of the one 
which is nearly coincident with II. The apparent absence of this 
line is in all probability duo to the masking effect of the absorption 
line of calcium. In this case, then, it appears that the calciunr 
vapour was outside the hot hydrogen, and this, therefore, was being 
given ofl' by the meteorites at the time. 


Detailed Disamions of the Bi>eclm of some Driyht-Une Stars, 

These things then being piemised, I now submit some maps 
prepared to illustrate tin’s part of tlm inquiry, although it will be 
some time befoie my investigations on the bright-line stars are 
finished. These maps indicate the way in which the problem 
is being attacked, and the results already obtained. To help us in 
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the work we have first of all those lines of substances known to 
exist in meteorites which are visible at the lowest tenypvraiwes which 
we ea% eonm\md in the laboratory. We have also the results of 
the carbon work, to which reference has been made in a previous 
chapter; and then we have the lines which have been seen, 
although their wave-lengths have in no case been absolutely 
determined in consequence of the extreme difficulty of the obser- 
vation. 

In the case of each star the lines winch have been recorded in 
its spectrum are plotted in the way indicated in the maps. The 
general result is that when we take into account the low tempera- 
ture radiation, which we learn from the laboratory work, not only 
can we explain the existence of the lines which have been observed, 
but apparent absorptions in most oases are shown to be coincident 
with that part of the spectrum adjacent to a bright fluting. 

A continuation of this line of thought shows us also that, when 
in these stars the spectrum is seen far into the blue, the luminosity 
really proceeds from the carbon fluting, and in the hotter stars, 
from the hydrocarbon one, which is still more refrangible, in addition. 
In the stars which have been examined so far, the dark parts of the 
spectrum, which at first sight appear due to absorption, are shown 
to be caused most probably by defect of radiation in that part of 
the spectrum between the blue end of the continuous spectrum of 
the meteorites and the bright band of carbon. 

All the phenomena, it would seem, can be explained on the 
assumption of low temperature. 

JTiAes on the Maps. 

7 Argm. — ^RA. 8 h. 5 m. 56 s., Deo. — 46° B9‘5\ Bespighi ^ and 
mysdf observed the bright lines in the spectrum of this star at 
Madras in 1871. Ko measurements were then made of the wave- 
lengths of the lines. Ellery, at Mdboume in 1879, gave them as 
5760, 5648, and 468^ ; other bright lines being suspected. 

> Bnpighi’s obsemtions axe gives is Oom^ BmSm, voL Isziv. p, 516; 
Ellery’s results are given in a letter to Th* Ohtereatory, voL ii. p. 418 ; Copeland's 
are published in CopemUui, vol. hi p. 204. 
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Copeland examined and mapped the spectrum of this staxivhile 
in the Andes in 1883. His wave-lengths are 580*9, 566*8, 464*6, 
and a fainter line at 590. The continuons spectrum extends from 
420 to 675, the lines being seen bright on this, but no mention is 
made by either Ellery or Copeland of absorption of any kind. The 
bright lines at 590 and 566*8 are most probably the lines of sodium, 
5890-95 and 6687 ; the 580*9 line is probably the strongest low 
temperature line of iron 579 ; and the 468 (464*6 Copeland) is due 
to the carbon fluting, which has its maximum intensity at 468, the 
other carbon flutings at 517 and 564 being rendered invisible to 
Copeland by the bright continuous spectrum, although Ellery’s 
measurement of 564*8 is most probably the carbon band at that 
point. The 517 carbon may have been seen by Ellery, for although 
no measurements are given he saw other bright lines or spaces. 
The dark band 474 — 486 seen in the Cygnus stars, Argelander- 
Oeltzen 17681, and Lelande 13412, due to the shortness of 
the continuous spectrum and the appearance of the carbon band 
beyond the blue end, is not seen in this star, because it has a long 
continuous spectrum. 

The bright lines seen in it then are due to lowtemperature sodium 
and iron, and to carbon flutings on a bright continuous spectrum. 

Argdamde/r-Oeltzen 17681. — Two observers have examined and 
mapped the spectrum of t hi s star — Dr. Yogel at Potsdam, and 
Professor Pickering at Harvard College. Both give the wave- 
lengths of the lines observed, while, in addition. Dr. Yogel publishes 
a sketch of the spectrum as it appeared to him. 

Yogel’s strongest line is at 581. This Pickering measures as 
680 — 585, evidently when using a wide slit, while in a later 
account of his observations he fixes the wave-length at 580. The 
line is probably 579, the strongest line of iron at a low tempera- 
ture. Yogel mentions a bright band extending from 470 to 461, 
vrith a maximum between these limits. Pickering measures this 
as commencing at 473. This band is evidently the bright band 
of carbon commencing at 474, with a maximum about 468, as 
observed and photographed at Eensington. Between this band and 
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486 Yogel has shown a dark hand in the spectrum. This appear^ 
ance is due not to any absorption, but to the continuous epectium 
being short, ending evidently at 486, while the bright carbon 
appearing beyond tlris in the blue leaves an apparent absorption 
band due to absence of radiation. 

Vogel has not noticed any other bright lines, but Pickering 
“ suspected ” a brightening at 540. This would be the only line 
of manganese which appears in the Bunsen burner. Vogel may 
have noticed this line and yet not given any wave-length of it in 
his list, just as he indicates one bright line in 2d Cygnus, and 
two bright lines in 3d Cygnus, in his light curves of those stars, 
without mentioning them in any list of bright lines observed. 
Pickering suspected the presence of several other lines, but was 
unable to obtain any measurements of them.^ 

Lcdande 13412. — Both Vogel and Pickering have observed the 
spectrum of this star, and have measured the wave-lengths of the 
bright lines. 

Vogel gives a sketch of the spectrum as well as a list of wave- 
lengths. He mentions a dark band at the blue end of the spectsum, 
and gives the wave-length in his sketch as from 486 to 473. Both 
observers measure the bright 486 hydrogen (I) line. Vogel 
measures a bright line at 540, while Pickerings measure is 645 ; 
but Pickering, in another star, Arg.-Oeltzen 17681, has measured a 
line at 540, so there can be little doubt that is the correct wave- 
length He also measures a line at 581, but this has not been 
noticed by Pickering. 

The bright part of the spectrum extending from 473 towards 
• the blue, vrith its maximum at 468, is, I would again suggest, the 
carbon band appearing beyond the continuous spectrum, the rest 
of the carbon being cut out by the continuous spectrum, although 
564 asserts itself by a brightening of the spectrum at that wave- 

^ Yogel’s results are given in the JPublicaiionen dea AstrophyaikaUschm Ohaerva- 
toriuma m Potsdam, vol. iv., No. 14, p. 15, and in the sketch at the end of that 
number. Pickering's are in The Ohaermtory^ vol. iv. p. 82 ; the American Terurml 
of Science and Art, No. 118, 1880 ; Oepemious, vol. i. p. 86 ; and Aafy^numiache 
NoAhrichten, 2876. 




Fio. 71.— Map showing the Pi.ubable Obigin of the Spectroi of Lalande 13412. 
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length in Vogel’s sketch, and by a rise in his light curve. The line 
at 640 is the only line of manganese visible at the temperature of 
the Bunsen burner, while the 681 measurement of Vogel is in all 
probability the 679 line, the strongest line of iron visible at low 
temperatures. 

In this star, therefore, we have continuous spectrum &om the 
meteorites, and carbon bands, one of them appearing beyond the 
continuous spectrum in the blue as a bright band; bright lines of 
hydrogen, manganese, and iron being superposed on both. There 
is no absorption of any kind, the apparent dark band being due to 
defect of radiation, as in Argelander-Oeltzeu 17681.^ 

1st Oygma. — B.D. + S6“, No. 4001. — ^The spectrum of this star 
was observed by Messrs. Wolf and Eayet in 1867, but no measure- 
ments of the positions of the bright lines were then published. In 
the same paper, however, they give the measurements of the 
positions of the bright lines in 2d Cygnus (B.D. + 36®, No. 4013), 
which they observed about the same time, and since the bright 
lines were similar in these stars, the ware-lengths 681, 573, 640, 
and 470, may be taken as indicating the positions of the lines in 
1st Cygnus. They also observed dark spaces between 470 and 
486, and on the blue side of 673. 

Dr. Vogel, of Potsdam, examined the spectrum of this star, and 
has published his results in three ways — as a list of bright lines 
given in wave-lengths, as a sketch of the spectrum as it appeared 
to him, and as a curve showing the intensity of the light through- 
out the spectrum. BQs wave-lengths are 583, 671, 641, 486 
(hydrogen P) for lines, and a bright band from 470 to 466, with its 
maximum at 468. 

The sketch confirms these lines, while the light curve adds 
three others to them at wave-lengths 607, 527, and 658. Bie also 
gives an absorption band between the 486 line and 470 band, and 
in his sketch gives a darkening on the blue side of 670, this being 

^ Vogers results are given in the JMilicaiionan des Aatro^aMliach^ OUervw- 
iorimis zu Potsdofin, vol. xv., No. 14, p. 17. Pickering's are published in the 
Astrcvmvis^ JN'o^HcMen, No. 2876 ; Sdmcef No. 41 ; and quoted in Ooperrvicus, 
voL i p. 140. 
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also indicated in the light curve. These dark spaces agree vrith 
the dark spaces observed by Messrs. Wolf and Eayet 

The bright band, with its maximum at 468, is the bright carbon 
fluting commendhg at 474, and extending towards the blue, with 
its maximum at 468, as photographed at Kensington, and the 
dark space between this and the 486 line is not due to absorption 
of the light from the meteorites by any vapour around them, but 
rather to the absence of any radiation except that from the 
meteorites themselves at this part of the spectrum. 

The carbon at 564 raises the curve at that point, and this bright- 
ness, with the bright 570 line, produces the appearance of a dark 
space between those wave-lengths, the band being simply due to 
the contrast of a bright fluting and a bright line lying some distance 
apart on a faint continuous spectrum. There is therefore no 
absorption of any kind in this star, all the dark bands being due 
to absence of radiation. 

Of the bright lines two, at 540 and 558, are due to man- 
ganese, 540 being the manganese line visible in the Bunsen, while 
558 is the strongest of the low temperature flutings of manganese. 
The line at 581, or thereabouts, is most probably the strongest low 
temperature line of iron. The line at 569 is most probably the 
green sodium line, while the 486 line is assigned by Vogel to 
hydrogen. The faint line at 507 has been observed in the flame 
spectra of several meteorites, and is in the exact position of the 
strongest line of cadmium at the temperature of the Bunsen 
burner. 

This star, therefore, gives a spectrum, which is short and faintly 
continuous, due to radiation of meteorites, but has li^t from 
carbon added, with a separate band appearing in the blue; while 
the strongest low temperature lines of manganese, iron, and 
cadmium, with a strong manganese fluting, and the green sodium 
line, appear bright on the continuous spectrum. There is no ab- 
sorption of any kind.^ 

' 1 Wolf and Bayet's discovery of l)rigiht lines is recorded in Contpiea JSeTuhut, voL 

Ixv. p. 292, and confirmed in vol. IrviiL p. 1470, voL Ixix, pp. 89 and 168, Vogel's- 
observations are given in tbe JPuilioaUcnen des Ash-cph^aikedischeit OhBWwOorwm 
7 M Fotsdam^ vol. iv., No. 14, p. 17, and shown in a sketch at the end of that number- 
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2d Oygmt. — B.D. + 35*, No. 4013. — ^Messrs. Wolf and Bayet^ 
in 1867, first observed the spectram of this star, and measured the 
positions of the bright lines. Micrometer readings and reference 
lines are given by them, from which a wave-length curve has been 
constructed. The wave-lengths of the bright lines in the star thus 
ascertained are: 681 (y), 673 (B). 640 (3), and 470 (a); the 
relative intensities being shown by the Greek letters. They state : 
“ La ligne B est suivie d’un espace obscur ; nn autre espace tr^ 
sombre prdcMe a.” 

Yogd afterwards examined the spectrum, measured the posi- 
tions, and ascertained the wave-lengths of the bright lines, drew 
a sketch of the spectrum as it appeared to him, and a curve 
showing the variation of intensity of the light throughout the 
spectrum. 

The wave-lengths given by Yogd are 582 and 570, and a band 
with its brightest part at 464, &ding off in both directions, and, 
according to the sketch, having its red limit at> 473. In the light 
curve Yogd not only shows the 682 and 670 lines, but also bright 
lines in positions which, by a curve, have been foxmd to correspond 
to wave-lengths 640 and 636. Yogd indicates in his sketch a 
dark band extending from 486 to the bright band 473, and an 
apparent absorption on the blue side of the 570 line, this absorption 
being ended at 664 These two bands agree in position with the 
dark spaces observed by Messrs. Wolf and Bayet. The bright 
band in the blue at 473 is most probably the carbon band appear- 
ing bright upon a faint continuous ^ctrum, this producing the 
apparent absorption from 486 to 473. If the bright carbon really 
accounts for the appearance of a (contrast) dark band between the 
bright 570 and 564 in this star, all the apparent absorption is 
explained as due to contrast of bright bands on a fainter continuous 
spectrum due to red-hot meteorites. 

The line at 640 is the only line of manganese visible in the 
Bunsen burner, and the 680 line is the strongest low-temperature 
iron line. The 670 line is most probably the green sodium line 
569, the absence of the yellow sodium being explained by the half 
and half absorption and radiation mentioned in the discussion of 
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the causes which mask and prevent the appearance of the lines in 
a spectnim. 

The line at 636 is in the ;ced just at the end of the continuous 
spectrum, and as yet no origin has been found for it, although it 
has been observed as a bright line in the limerick meteorite at the 
temperature of the oxyhydrogen blowpipe. 

This star therefore gives a continuous spectrum due to radiation 
from meteorites, and on this we get bright carbon (with one carbon 
band appearing separate as being beyond the continuous spectrum 
in the blue), with bright lines of iron, manganese, sodium, and 
some as yet undetermined substance giving a line at 636 in the 
oxyhydrogen blowpipe.^ 

Zd Gygnm. — ^RD. + 36“, No. 3966. — ^This is one of the three 
stars observed by Messrs. Wolf and Eayet, in 1867, as having bright 
lines in their spectra, but they do not give measurements of the 
wave-lengths of the lines. They give, however, lines at 581, 573, 
540, and 470, as present in 2d Oygnus, so we can reasonably infet 
these wave-lengths are fairly correct for this star, especially as Dr. 
Yogel’s measurements of the bright lines are 582 and 569, with a 
bright band commencing at 468. Yogel, in addition to his wave- 
lengths, also gives a sketch of the spectrum in which he shows the 
bright 540 line; and a light curve showing the variations of the inten- 
sity of the light throughout the spectrum, in which curve he indicates 
all the lines above mentioned, and an additional bright line at 636. 

The sketch shows also a dark band in the spectrum from about 
488 to 473, another from 553 to 556, and a third on the blue side of 
570 extending from that line to 564 These dark spaces are con- 
firmed in the light curve, and two of them, 488 to 473, and 570 to 
564, agree with the dark spaces observed by Messrs. Wolf and 
Eayet in 2d Oygnus. 

The bright band at 470 is the carbon band in the blue com- 
mencing at 474 '^th its maximum at about 468, as observed and 

1 Wolf and Bayet’s results ate given in the Omptu Bmdus, voL Ixv. p. 292. 
Dr. Yogdi’s ere from the PubHeat/imm des Astropht/siicaiiaehm ObsenatoHmu m 
PoMom, vol. iv., Ko. 14, p. 19. 
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pliotogKiplied at Kensington, and between this and 488 is the dark 
space which is most probably due to absence of radiation rather 
than to any alisorption. The carbon at 517 asserts itself by a rise 
ill the light curve at that point, while the 564 carbon is also seen 
to produce a sudden rise in the cuiwe. 

The 5G4 carbon and the 558 manganese fluting, uniting, produce 
a bright band of light between those wave-lengths, and this on the 
faint continuous spcetruni produces an apparent dark space on 
each side, thus accounting for the dark appeamiices at 554 — 557 
and 564 — 570, these being contrast appearances only and not 
absoiption bands The 540 line is the manganese line seen in the 
Uunsen burner. The line at 570 is most probably the green sodium 
line, the yellow sodiuui being rendered invisible by the half-and- 
half absorption and radiation-masking previously mentioned. The 
580 lino is most probably the strongest low-temperature line of 
iron, 579 ; wliile tlio G3G lino has been seen in the Limerick 
uietoovite when lioated in the oxyhydrogen flame, although its 
origin has not yet been iloterminod. 

In this star, therefore, wo have continuous spectrum from 
the nieteorib's; caibou bunds at 474, 517, and 664, rendering 
themselves ajiparant in the light curve; the low-temperature 
iminguncso lint* and the stronjjsst manganese fluting; the low- 
tomperaturi! iron line, the green sodium, and a line the origin of 
which is unknown, all appearing hright. There is no absorption.' 

7 Ctmiairntr . — Secchi at the very commencement of his work 
at stellar spectra noticed the bright lines in the spectrum of this 
star. He records the presence of bright linos of hydrogen and of 
the bright I)g line.® 

Vogel,® on I'Jtb J une 1 872, observed a bright line in the greenish- 
blue 48fi, aud one in the yellow, which he assumes to be Dj. An 
absorption band was also noticed in the red, but its wave-length 
was not determined. 

‘ Vogel'* reealU ere given in the Ptibll(xU{onen de> Astrophysikaliiehen Obmwh 
toriunu tu Fobdam, vol, Iv., No. 14, p. 19. 

* Bull. MilioroL du ColUge Etmuiin, Slot August 1S66, p. 108. 

* Both. Btidi,, Heft 2, p. 29. 
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Konkoly^ examined 7 Cass, (and ^ Lyrse) repeatedly between 
1874 and 1883 without seeing bright lines ; Gothard repeatedly 
examined both stars after the autumn of 1881, but saw no trace 
of bright lines until 1883. 

It would appear, therefore, that the bright lines indicative of 
hydrogen died out during the nine years 1874-1883. Dr. Cope- 
land, however, observed two bright lines on 28th October 1877, 
one of which was “well seen” about the place of F, and the other 
about X 477, and the bright C line was noted as “ superbly visible ” 
by Lord Lindsay and J. G. Lohse, as well as Dr. Copeland, on 20th 
December 1879.® 

The Greenwich observations for 1 st October and 21st Novem- 
ber 1880, 7th December 1881, and 16th November 1883, show the 
F line bright. No mention is made of bright Dj or C, but F was 
' being used to measure velocity in line of sight, so that the others 
may not have been particularly noted. 

Gothard,® on 20th August 1883, saw C, F, Dg bright, and the 
absorption band at 033 was visible. After this Konkoly took up 
the work again, and in the dChjalla Observations we find two 
sketches of the spectrum as seen by him. In the first 0 and F 
are bright lines sharply defined. Dj is seen as a bright line, while 
between D* and F is a bright patch of light extending from near 
320 to 500. This seems to be absent in the second spectrum, while 
dark h lines and dark D are added, as well as bright hydrogen G, 
with a dark line near it, 

Sheiman,* at Yale College Observatory, recorded (1886) all the 
bright lines previously observed, and many others in addition. The 
great number of bright lines recorded by him, however, has not 
been confirmed by subsequent observers. While dark lines are 
recorded by him, D and b are not mentioned ; these latter observa- 
tions are of extreme interest, suggesting as they do that the 
sodium line absorption was masked by the bright radiation of 
manganese, which produces a bright fluting (Mn^) almost exactly in 

> AsiTu Nachr,t No. 2581. 

® Monthly Mim of th& It* Astmu Soe., vol. xlvii. p. 92. 

» Astr* Nachr,, No. 2689. * Ihid, No. 2707. 
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the position of Ds. Gothaxd ^ records the fact that the w!k sodium 
lines became visible only when Dg had ceased to be seen as 
line. Later on in the same paper, however, he records bright Dg 
and dark D LyiSB, and Konkoly, in vol. vi. of the O’Cfyalla 

Table oe Bbight Likes ik y Cassiopeia 
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467-36 
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Observations, records the same in 7 Cassiopeise. When we consider 
the great variations in brightness of the supposed Dg in these 
stars, and the great changes in the radiating meteorites and their 
atmospheres, indicated by these changes of brightness, these 
apparently discordant results are not so difficult to understand. 

1 AOr . Naehr ., Ko. 2681. 
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An increase in the number of meteorites containing manganese 
■would brighten Mnj and cut out all the D absorption ; an i-nfivnase 
of sodium and a decrease of manganese ■would cause the D dark 
lines to assert themselves, while the condition of bright Mn, 
and dark D is obtained by increased quantities of manganese and 
sodium vapours produced by collisions.^ 

Sherman does not record dark b lines, although Konkoly 
observed them several times. Sherman, however, saw the bright 
carbon fluting at 517. It seems possible, therefore, that Konkoly 
saw this bright carbon, and by contrast with the surrounding 
spectrum, imagined he saw the dark b lines — at any rate no other 
observer has recorded dark b. 

Sherman saw the magnesium 500 as a bright line, while 
neither Konljoly nor Gothard noticed it. This observer® gives a 
list of fifteen blight lines in all in y Cassiopeia?, the wave-lengths 
of which he has determined as accurately as possible. He says, 
“The difficulties of the observation and the roughness of the 
recording apparatus have hindered the completely satisfactoiy 
identification of the lines. Assuming the position of the hydrogen 
lines and Dj, and on their basis constructing a curve connecting 
scale- reading and wave-length, the mean of nine observations 
upon 7 Cassiopeiaj affords the following approximate wave-lengths ” 
(see map). 

The line in the yellow being assumed as Hg at 6875, instead of 
the 6870 manganese (see p. 293), may cause an error running all 
through the measurements, but not sufficient to invalidate any 
conclusions based on the corrected wave-lengths. 

Tlie hydrogen lines seen are C, F, hydrogen G, and h. We 
have the manganese at 658 and 586 (Ds), as well as the low- 
temperature line (Bunsen) at 540. Iron is represented by lines at 
527, 579, and 616, these being the strongest low-temperature lines. 
Mj^esium is responsible for the 600 line, while the carbon 
accounts for the 517, thus lea'nng only the 636 and the 463 lines 
unaccounted for. 

^ Konkoly*» Ds extends quite u|> to D dark, and seems more like a fluting than a 
bright line. ® Astr, No. 2707. 
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The line at 636 has been seen in the limerick meteorite, 
although its origin has not yet been determined, while the 463 
line is bright in S Geminomm, but has np to the present not been 
detected in any experiment with meteorites. In the spectrum of 
the first of Wolf and Eayet’s stars in Cygnns (B.D. 35°, No. 4001), 
Yogel has observed the manganese lines at 540 and 558, the iron 
lines at 527 and 579, and the hydrogen F, all of which are present 
in 7 Cassiopeiae, the only additional lines seen in let Cygnns 
being the soditun green, 569, and cadmium, 507. 


On the Sequmu of Temperatv/re vn the Stem in Gygnm. 

The three “bright-line stars” in Cygnns, discovered by MM. 
Wolf and Itayet in 1867, present differences in their spectra which 
raise some very interesting questions for discussioiu Wolf and 
Bayet did not observe any great differences in the spectra^ simply 
recording the fact that the second star gave the lines most 
brilliantly ; but Dr. Vogel haai, in his investigations, brought out 
very striking ones. 

Thus the first of these stars, B.D. + 35°, No. 4001, has seven 
bright lines in its spectrum, as shown on his light curve, besides 
the bright band at 468. One of the bright lines is hydrogen F 
(486). The second (B.D. -1- 36°, No; 4013) and third (B.D. + 36°, 
No. 3966) stars have only four bright lines, and the bright band ; 
the hydrogen (F) line being absent. 

These differences may at first sight be taken as indicating a 
higher temperature in the first of these stars than in either of the 
others, but further investigation seems to indicate this is not the 
case. The continuous spectrum foom the meteorites is very foint 
in each star, and on it is superposed bright carbon^ that in the 
blue showing itself as a separate br^t band, 468. The curve 
rises in each star at 564 carbon, and is high in the position 517. 

It will be seen from the light curves that the rise at 664 is less 
in 1st Cygnns than in either of the other stars, and the end of the 
fluting 558, due to the manganese becomes visible as a line in this 
star, while in 2d and 3d Cygnus the carbon at 564 with this fluting 
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produces such a brightening of the spectrum that the manganese 
cannot be seen as a bright line. In 2d Cygnus the 564 carbon is 
nearly equal in brightness to the 558 manganese fluting, and these 
produce together such an intensely bright patch between those 
wave-lengths that we get apparent dark spaces on each side of it. 
The 540 line of manganese has a considerable difficulty in showing 
itself on the bright spectrum due to meteorites and carbon combined, 
whereas in 1st Cygnus, where the radiation of carbon is weaker, the 
line is very bright. The invisibility of 507 and 527 in the spectra 
of 2d and 3d Cygnus stars is therefore due probably to the extra 
brightness of the fluting spectrum due to carbon, rather than to the 
lower temperature of these stars. The greater number of lines in 
1st Cygnus indicates therefore a lower temperature than in the 
other stars, and this conclusion is borne out by the appearance 
of the 636 line in 2d and 3d Cygnus, and its absence from 1st 
Cygnus. 

The conclusion which has been arrived at after a careful con- 
sideration of these stars is, that 1st Cygnus is the coolest, 2d Cygnus 
ranks next above in temperature, and 3d Cygnus is the hottest of 
the three. 

With regard to the line in 2d and 3d Cygnus at 636, there is an 
element of doubt as to the true position. Vogel does not give the 
wave-length in his list of lines, neither does he show it in his 
sketch of the spectrum, but he indicates its position on the light 
curve, and from tliis a curve had to be drawn and the wave-length 
ascertained as nearly as possible. Vogel suggests the line may be 
the hydrogen C line, but this seems very improbable, since F is 
absent; and although F is frequently recorded in bright-line stars 
without C, in no case is C given without F. It may be the 
0 line is seen clearly because there is no continuous spectrum 
near it^ while F is not visible on account of the bright spectrum 
around it. 

The above stars are not the only ones with bright lines in 
the constellation Cygnus. Professor Pickering gives the following 
additional information 

1 JN^atfuret vol xxxlv. p. 489, 1886* 



CHAP, xxsv SUB-OBOUPS AND SPEOIES OF OBOUP I 


409 


“ A recent photograph of the region in Cygnus, previoudy known 
to contain four spectra exhibiting bright b'nftflj has served to Turing 
to onr knowledge four other spectra of the same Vinrl One of 
these is that of the comparatively bright star P Cygni, in which 
bright lines, apparently due to hydrogen, are distinctly visible. 
This phenomenon recalls the circumstances of the outburst of 
light in the star T Ooronss, especially when the former history 
of P Cygni is considered. According to Schonfeld, it first attracted 
attention, as an apparently new star, in 1600, and fluctuated greatly 
during the seventeenth century, finally becoming a star of the fifth 
magnitude, and so continuing to the present time. It has recently 
been repeatedly observed at the Harvard College Observatory with 
the meridian photometer, and does not appear to be undergoing 
any variation at present” 

In addition to the hydrogen lines there is a bright line in 
P Cygni, the wave-length of which I have found to be about 447. 
This appears to be coincident with Lorenzoni’s f of the chromo- 
sphere ^ectrum, and it is also seen in the ^ectrum of the Hebula 
in Orion. In all three cases it is associated with the liTia Dg. 

Another of the stars shown by the photograph to have bri^t 
linesisD.M. + 37* 3821. 

The other two stars are relatively inconspicuous. The follow- 
ing list contains the designations according to the JDto’cImuitenmff, 
of all eight stars, the first four being those previously known 
36° 4001, 36° 4013, 36° 3966, 36° 3987, 37° 3821, 38° 4010, 
37° 3871, 36° 3962 or 3963. Of these 37° 3171 is P Cygni, and 
37° 3821, as above stated, is the star in the spectrum of which the 
bright lines are most distinct. 

I may add that the number of stars known to have bright 
lines in their spectra is now, fortunately for science, rapidly 
increasing. 



CHAPTEE XXXVI 


SUB-GEOOTS AlTD SPECIES OP GKOtTP II 

I. Gbneual Discussion op Dun£b’s Obseevations 

Dun^e in bis map gives eleven absorption bands, chiefly flutings, 
in Class Ilia., but in the case of the tenth and eleventh bands 
there is some discrepancy between his map and the text, to which 
reference will be made subsequently. His measurements are of the 
darker portions of the flutings, speaking generally. 

It will be clear at once that in the case of the darh flutings the 
dark bands should agree with the true ahsorpi-ion of the vapours, 
and that when the amount of absorption varies, only that wave- 
length away from the maximum of the flutings will vary. Thus, 
the same flutiug may be represented as shown in the woodcut (Fig. 
76), according to the quantity of the absorbing substance present. 

In the case of the hrigJtt flutings, however, the dark bands on 
either side may in tome cases be produced partly by contrast only, 
and the brighter and wider tlic bright flutings are, the more the 
dark flutings on either side of them will appear to vary, and in two 
ways : firsts they wiU dim by contrast when the bright fluting is 
dimmer than ordinary; and secondly, the one on the side towards 
which the bright fluting expands from its most decided edge will 
diminish as the bright fluting expands. See Fig. 77. 

There is also another important matter to be home in mind. 
As these spectra are in the main produced by the integration of 
the continuous spectra of the meteorites, the bright flutings of 
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carl)oii, and the dark flutings produced by the absorption of the 
continuous spectra by the vapour surrounding each meteorite, the 
proportion of bright fluting area to 
dark fluting area will vary with the 
reduction of the spacing between 
the meteorites. 

If any bright or dark flutings 
occur in the same region of the 
spectrum, when the spaces are 
greatest, the radiation effect will be 
stronger, and the absorption fluting 
will be “ masked ” ; where they are 
least the radiation itself will be 
masked. This reasoning not only 
applies to flutings but to lines also. 

ITie Badiation Fluti/ngs. 

We will first deal with the 
radiation flutings — ^those of carbon. 

The brightest less refrangible edge 
of the chief one is at wave-length 
617, where it sharply cuts off the 
tail end of the absorption of the ira.— DIAOEAMaHowlsaBovAwABsoBP• 

. rt . . . , T 1 . Fltjtiko varibb ts yr-mm aocord- 

magnesium fluting, the darkest ikg to tbb quaktztt of assobbutg 

edge of which begine at 620, as the 

carbon light from the interspace pales the absorption. The same 
thii^ happens at the more refrangible edge of* the other absorption 
of magnesium at 500, as Dundr’s figures show. 

Less refrangible More refrangible ahaxp 

edge. edge. 

{ 602 496 in a Hereolis. 

601 496 in p Penei. 

60S 496 in B Leonis Min. 

606 496) in jS Pegasi. 

If this explanation of the rigidity of the less refrangible edge 
may be accepted, it is suggested that the rigidity of the end of 





412 


THE METEOBITIG SYFOTHESIS 


PART VI 


band 8 at 496, near the nebula line 495, seems to indicate that we 
may have that line as the br^ht, less refrangible boundary of 
another radiation fluting. 

The fluting at 517 is the chief radiation fluting of carbon. The 
next more refrangible one, which would be most easily seen, as the 
continuous spectrum would be less bright in the blue, has its less 
refrangible and brightest edge at 474. 



Fio. TT.—DiAaRAM SHowwa thw Vauxatiok in Width of a Beioht Fluting and the Consb- 
(iUKNT Vahiation in Width of the Contrast Band at the Painter Edge. 

This in all probability has been seen by Dun(Sr, though, as before 
stated, there is here a discrepancy between his maps and his text. 
It lies between his dark bands 9 and 10, the measurements of 
wiiich are as follows : — 



Less rcfrangiblo 
edgo. 

More refrangible edge. 

Band 9 . 

. 482 

476 in a Ononis. 


484 

477 in jS Pegasi. 

Band 10 . 

. 472 

460 in a Ononis. 


474 

462 in a Hercnlis. 
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It is not necessary for me to point out the extreme and special 
difELCully of observations and determinations of wave-lengths in 
this part of the spectrum. Taking this into consideration, and 
hearing in mind that my observations of the chemical elements 
have shown me no other bands ox fiutings in this r^on, I feel 
justified in looking upon the narrow bright space between bands 
9 and 10 as an indication of another carbon fluting — the one 
we should expect to find associated with the one at 517, with 
its bright edge at 473 instead of 476, where Dundr’s measure- 
ments place it. There is a bright fluting in this position in hTova 
Orionia 

I shall refer to both these points later on. 

The third fluting, the carbon one, with its brightest edge at 564, 
is certainly also present; though here the proof depends upon its 
masking effect, and upon the manner in which this effect ceases 
when the other flutings narrow and become faint 

In addition to these three flutings of carbon, which we a^ali 
distinguish in what follows as carbon A, there is sometimes a 
fourth more refrangible one beginning at wave-length 461, which 
is due to some other molecular form of carbon; this we alm.ll dis- 
tinguish as carbon B. It extends .from wave-length 461 to 461, 
and, as we shall presently see, it is this which gives rise to the 
apparent absorption band 17o. 10 in the blue. 

It is very probable also that in some cases there is, in 
to carbon A and carbon B, the hydrocarbon fluting which begins 
at wave-length 431, the evidence of this being Dnndc's apparent 
absorption band 11. It may be remarked here that, nltlimigb 
most of the luminosity of this fluting is on the more refrangible 
side of 431, there is also a considerable amount on the less re- 
frangible side. 

With regard to bands 9, 10, and 11, then, there is little doubt 
that they are merely dark spaces between the bright blue flutings 
of carbon, and that whether they are seen or not depends upon 
the relative brightness of the carbon flutings and the continuous 
spectrum from the incandescent meteorites. When the continuous 
spectrum is faint, it will not extend far into the bind) and the 
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resulting dark space between the bright carbon A fluting at 474 
and the end of the continuous spectrum is the origin of the apparent 
absorption band 9. ‘When the continuous spectrum gets very- 
bright, band 9 should, and does, disappear. On reference to the 
maps of the spectra of the “ stars ” -with bright lines, it will be seen 
that the broad apparent absorption band in the blue agrees exactly 
in position with band 9, and it undoubtedly has the same origm 
in both cases. This band may therefore be regarded as the con- 
necting link between the bodies belonging to Group I. and those 
belonging to the group under considemtion. 

Band 10 is the dark space between the bright carbon A fluting 
at 474 and the carbon B at 4G1, and can only exist so long as the 
carbon flutings are brighter than the continuous spectrum. Dun&’s 
mean values for the band are 461 — 473, and on comparing these 
with the wave-lengths of the carbon flutings, it wOl be seen that 
the coincidence is almost perfect. 

There is a little uncertainty about band 11, which Dun4r was 
only able to measure in one star, but it very probably has its origin 
in the dark space between the bright carbon B fluting and the 
hydrocarbon fluting at 431 (Plate VII.) This would give a band 
somewhat broader and more refrangible than that shown in Dun^r’s 
map ; but, as already pointed out, great accuracy in this part of the 
spectrum cannot be expected. 

It may here be mentioned that in the map reproduced in the 
plate, the compound structure of the hot carbon flutings has 
been omitted, because the details are not, as a rule, seen in the 
spectra of heavenly bodies in which there are indications of carbon. 
The flutings are represented as simple ones, beginning at the 
brightest edge and fading off gradually. 


Chenviecd Substa/nees ivtMoaisd by the Absorption Flntinys and Bcends, 

I may state tliat I have now obtained evidence to show that 
the origin of the following absorption flutings is probably as 
under — ’ 
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No. of 
Fluting. 


4 

5 

6 

7 

8 


Origin. 


"Wave-lengtli of darkest 
most remangible edge. 


Wave-length of less refrangible 
edge, given by Dun^r as 
measured in a Orionis. 


Iron 

616 

628 

Manganese (2) 

585 

595 

Manganese (1) * 

558 

564 

Lead(l)t 

544 

550 

Barium X 

524 

526 

Magnesium 

521 

617 

Magnesium 

500 

495 

strongest fluting. 




t The second Lead band has been seen in a Scorpii and a Orionis. 
t This is the second brightest band, wave-length 525. The first at wave-length 
515, is masked by the radiation fiuting at 616. Seeposi. 


These flutiugs axe chaxacteristic of the whole class, and Dun^fs 
catalogue consists chiefly of a statement of their presence or 
absence, or their varying intensities, in the different stars. 

He gives other bands and wide lines which he has measured, 
specially in a Orionis. I have also, I think, determined ‘ the 
origin of the majority of these. They axe as follows — 


I. Fluting of Chromium (1) 
IL ? 

III, Fluting of Lead (2) 

IV. 9 


Lines 


y. Line of Manganese seen in Bunsen 
VI. Band of Barium . 

’ 1. Fluting of Chromium (2) 

2 „ „ (3) 

3. Line of Chromium seen in Bunsen 
■i 4. Barium band 


6. 'I 

6. > Ist^ 2d, and 3d Barium flutings 


Wave-length. 

581 

570—577 

567 

543 

538—540 
532—534 
559* 
536 
520 
614 t 
/ 601 
^ 634 
( 649 


* This is not given by Dun^. Itwouldbemaskedby the Manganese fluting in the 
star. I have inserted it to show that we could not be dealing with the 8d fluting 
of Chromium at 686 if we could not explain the apparent absence of the 2d. 

t In the early stages this band is masked by the vivid light coming from the 
carbon in the interspaces. 
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Band 1, "wliicla extends from wave-length 649’6 to 663'8, has 
not yet been allocated. 


Tests at our Di^osal. 

In order to prove that my explanation of the nature of these 
celestial bodies is sufficient, a discussion of the individual observa- 
tions of them, seeing that differences in the spectra are known to 
exist, should show that aU the differences can be accounted for in 
the main by differences in the amount of interspace ; that is to say, 
by a difference between the relative areas of space and meteorite in 
a section of the swarm at right angles to the line of sight. I say 
in the main, because subsequent inquiry may indicate that we 
should expect to find minor differences brought about by the 
beginnings of condensation in large as opposed to small swarms, 
and also by the actual or apparent magnitudes of the swarms 
varying their brilliancy, thus enabling a more minute study to be 
made of the same stage of heat in one swarm than in another. 

How minor differences may arise will be at once seen when we 
consider the conditions of observation. 

The apparent point of light genwally seen is, on my view, pro- 
duced not by a mass of vapour of more or less regular outline and 
structure, but by a swarm of meteorites perhaps with more than 
one point of condensation. 

An equal amount of light received from the body may be pro- 
duced by any stage, or number of nuclei, of condensation; and 
with any differences of area between the more luminous centre 
and the outliers of tlie swarm. 

AU these conditions producing light of very different qualities 
are integrated in the image on the slit of the spectroscope. 

I have said “ generally seen," because it has been long known 
that many of the objects I am now discussing are variable, as well 
as red, and that at the minimum they are not always seen as sharp 
points of light,’' but have been described as hazy. 

The severe nature of the tests at our disposal will be recognised 

^ Hind first noticed this in 1861. Quoted by Arago, AstmiomU Pqpulair^ 
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TThen \re inquire what must follow from the variation of the 
spacing. Thus, as the spacing is reduced— 

I. The temperature must increase. 

a. Vapours produced at the lowest temperatures will be the 
first to appear. 

13, The spectrum of each substance must vary with the quaatit 7 
of vapour produced as the temperature increases, and the 
new absorptions produced must be the same amd must 
follow m the same order as those observed in laboratory 
experiments. 

IL The carbon spectrum must first get more intense and then 
diminish afterwards as the spaces, now smaller, are occupied by 
vapours of other substances. 

a. The longest spectrum will be that produced by mean spacing. 

The maskmg of the dark bands by the bri^t ones must vary, 
and must be reduced as the mean spacing is reduced. 

III. !rhe continuous spectrum of the meteorites must increasa 

a. There will be a gradually increasing dimming of the absoip- 
tion bands &om this cause. 

This dinfiTniTig win be entirely independent of the width of 
the band. 

IV. The spectrum must gradually get richer in absorption bands. 

a. Those produced at the lowest temperatures will be relatively 
widest first. 

/8. Those produced at the highest temperatures will be relatively 
widest later. 

Y. They must all finally thin. 

These necessary conditions, then, having to be fulfilled, I now 
proceed to discuss M. Dune’s individual observations. I shall 
show subsequently that there are, in all probability, other bodies 
besides those he has observed which really belong to this group. 

2 n 
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II. Discussion of Dunce’s Individual Obseevations. 

CoTisideraMon of the JExtreme Condiiions of Spaaing. 

OcBteris fcmbus, -when the interspaces are largest we should 
have a preponderance of the radiation of carbon, so far as quantity- 
goes. The bands will he wide and pale, the complete radiation will 
not yet be developed; a minimum of metallic absorption pheno- 
mena — ^that is, only the flutings of magnesium (8 and 7), the first 
fluting of manganese (3), and the first fluting of iron (2); but the 
great width of the bright band at 517 will mask band 8. 

When the interspaces axe least, the radiation of carbon should 
give place to the absorption phenomena due to the presence of 
those metallic vapours produced at the highest temperature at 
which a swarm of this group can exist ; the bright flutings of carbon 
should be diminished, and the true absorption flutings of mag- 
nesium, iron, manganese, lead, and the band of barium, should 
be enhanced in intensity. 

There will be an imersion between the radiation and absorption. 

The highest intensity of the absorption phenomena will be in- 
dicated by the strengthening of the bands 2, 3, 4, 5, and 6, and the 
appearance of the other flutings and bands specially recorded in 
a Orionis. The bands 7 and 8 will disappear, as they are special 
to a low temperature, and will give way to the absorption of 
manganese, iron, h, etc. 

This inversion, to deal with it in its broadest aspect, should 
give us at the beginning 7 strong, and 2, 3 weak ; and at the end 7 
and 8 weak, and 2, 3 strong. 

The first stage, representing almost a cometic condition of the 
swarm before condensation has begun, has been observed in Nos. 
3,^ 23, 24, 25, 36, 68, 72, 81, 118, 247, 249. There is a very large 
number of similar instances to be found in the observations. The 
above are only given as examples. 

The last stage, before all the bands fade away entirely, has been 
observed in Nos. 1, 2, 26, 32, 33, 38, 40, 61, 64, 69, 71, 76, 77, 82, 
96, 101, 116. As before, these are only given as instances. 

^ The references are to the numbers of the stars in Dun4r's catalogue. 
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It is nattual that these eztieme points along the line of evolu- 
tion lepiesented in the bodies under consideration should form, as 
I tbinTr th^ do, the two most contrasted distinctions recorded by 
Dun4r — ^that is, recorded in the greatest number of cases. 


Origin of the Discontimums Speetrtm. 

I have already shown that when the meteorites are wide apart, 
though not at their widest, and there is no very marked condensa- 
tion, the spectrum will extend &rther into the blue, and therefore 
the dutings in the blue will be quite bright; in fact, under this 
condition the chief light in this part of the spectrum, almost indeed 
the only lights will come &om the bright carbon. Under this same 
condition the temperature of the meteorites will not be very high; 
there will therefore be little continuous spectrum to be absorbed in 
the red and yellow. Hence we shall have discontinuity &om one 
end of the spectrum to the other. This has also been recorded, and 
in fact it is the condition which gives us almost the most beautiful 
examples of the class (196, a Hercuhs, 141, 172, 229). 

The defeet of contiauous light in the Uue in this class, after con- 
densation has commenced, and the carbon flutings are beginning 
to disappear, arises from defect of radiation of the meteorites. 
Hence in all felly-developed swarms the spectrum is not seen far 
into the blue, for the reason that the vapours round each meteorite 
are at a temperature such that fluting absorption mainly takes 
place, although of course there must be some continuous absorption 
in the blue. This is perhaps the most highly-developed normal 
spectrum-giving condition; 44 46, 65, 60, 66, 86, 92, 278 are 
examples. 

The Fcdimg of the Mvtinge. 

Subsequently, the spectra are in aU cases flar feom being discon- 
tinuous, and the flutings, instead of being black, are pale. Thus, 
while the bands are dark in the stars we have named, they are not 
so dark in a Orionis. Here, in shorty vre have a great distinction 
between this star and a Herculis, o Ceti, B Lyrse, and p Persei 
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Obviously this arises from the fact that the average distances 
between the meteorites have been reduced; their temperature being 
thereby increased as more collisions are possible, the vapours are 
nearly as brilliant as the meteorites, and radiation from the inter- 
spaces cloaks the evidences of absorption. Nor is this all : as the 
meteorites are nearer together, the area producing the bright 
flutings of the carbon is relatively reduced, and the bands 10 and 9 
will fade for lack of contrast, while 8 and 7 will fade, owing to the 
increased temperature of the system generally carrying the mag- 
nesium absorption into the line stage ; I is now predominant (see 
102, 157, 163, 114, 125, 135). 

Under these conditions the ovier absorbing metallic atmosphere 
round each meteorite will in all probability consist of manganese 
and iron vapours, and in this condition the ma.skin g effect will 
least apply to them. This is so (114, 116); they remain dark, 
while the others are pale. 

Here we have the indication of one of the penultimate stages 
already refennd to. 


PlienmncTia of Condensation. 

Dealing specially with the question of condensation, — have 
already referred to possibly the first condition of all, recorded by 
Dundr in the observations now discussed, — I may say that the first 
real and obvious approach to it perhaps is observed when all, or 
nearly all, except 9 and 10 of the flutings axe wicU and dark. The 
reasons will be obvious from what has been previously stated. Still 
more condensation will give all, or nearly all, the bands wide and 
pale, while the final stage of condensation of the swarm will be 
reached when all the bands fade and give place to lines. We have 
then nearly reached Vogel’s Class Ila. (107, 139, 168, 264) ; 2 and 
3 should be and are perhaps the last to go (203). 

The Bands 9 arid 10. 

With regard specially to the bands 9 and 10, which include 
between them a bright space which I contend is the second fluting 
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of carbon, I may add that if this view is sound, the absence of 10 
should mean a broad carbon band, and this is the condition of non- 
condensation, though not the initial condition. The red flutings 
should therefore be well marked — whether broad or not does not 
matter ; but they should be dark and not pale. Similarly the 
absence of band 9 means non-condensation. 

Therefore 9 and 10 should vary together, and as a matter of 
fact we find that their complete absence fixim the spectrum, while 
the metallic absorption is strong, is a very common condition (1, 2, 
6, 16, 26, 32, 39, 40, 46, 54, 60). 

That this explanation is probably the true one is shown by 
further consideration of what should happen to the red fintings 
when 9 and 10 are present As the strong red flutings indicate 
condensation, according to my view this condensation (see an^) 
should pale the other flutings. This happens in 3, 8, 13, 28, 35, 
45, 30; and last not least among the examples, I give 50, a 
Orionie. 


IIL EeSXTLXS 07 THE PlSOUSSIOK. 

The Lme of Moh/tion. 

I have gone over all the individual observations recorded by 
Dundr, and, dealing with them to the best of my abilily in the 
li ght afforded by the allocation of the bands to the various chemical 
substances, the history of the swarms he has observed seems to be 
as follows ; — 

(1) The swarm has arrived at the stage at which, owing to the 
gradual nearing of the meteorites, the hydrogen lines, which 
appeared at first in consequence of the great tenuily of the gases 
in the interspaces, give way to carbon. At first the fluting at 473 
appears (as in many bright-line stars), and afterwards the one at 
517. This is very nearly, but, as I shall show subsequently, not 
quite, the real beginning of the group, and the xadiatilon is now 
• accompanied by the fluting absorption of magnesium, iron, and 
manganese — ^bands 7, 2, 3. This is the absorption produced at the 
temperature of the oxy-coal-gas flame, while the stars above referred 
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to give Tis the bright line of manganese seen at the temperature 
of the Bunsen. 

(2) The bright band of carbon at 5l7 narrows and unveils the 
magnesium absorption at band 8, We have 8 now as well as 7 
(both representing magnesium) added to the bands 2 and 3, 
representing iron and manganese, and these latter now intensify. 

(3) The spacing gets smaller ; the carbon, though reduced in 
relative quantity, gets more intense. The second band at 473 in 
the blue gets brighter as well as the one at 517. We have now 
blinds 9 and 10 added. This reduced spacing increases the number 
of collisions, so that lead and barium are added to magnesium, 
iron, and manganese. We have the bands 2, 3, 4, 5, 6, 7, 8, 9, and 
10. This is the condition which gives, so to speah, the normal 
spectrum. 

(4) This increased action will give us a bright atmosphere round 
each meteorite ; only the light of the meteorite in the line of sight 
will be absorbed : we shall now have much continuous spectrum 
from the interspaces as well as the vapour of carbon. TJie absorption 
flvMngs roill pale, and the mt^esium flutings will disappear on 
account of the higher temperature, while new ones will make their 
appearance. 

(5) Greater nearness still will be followed by the farther dim" 
ming of the bright carbon flutings, including the one at 517. The 
blue end of the spectrum will shorten as the bands fade, narrow, 
and increase in number. If the star be bright, it will now put on 
the appearance of a Orionis; if dim, only the flutings of iron and 
manganese (1) ; bands 2 and 3 will remain prominent. 

(6) All the flutings and bands gradually thin, fade, and dis- 
appear. A star of the third group is the result. 

In the latter higher temperature stages we must expect hydrogen 
to be present, but it need not necessarily be visible, as the bright 
lines from the interspaces may cancel or mask the absorption in 
the line of sight of the light of the meteorites. In a Orionis, one 
of the most highly developed of these stars, the hydrogen lines are 
invisible ; the simple and sufficient explanation of this being the 
bright lines from the interspaces now at their minimum and 
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contaming vapotus at a veiy high temperatoxe — teste the line- 
absoiption f^ectmm now beginning to replace the flntings — ^balance 
the absorption of the meteoric nuclei But in case of any violent 
action, such as that produced by the interference of another swarm 
moving with great velocity, we should see them bright, and they 
are shown bright in a magnificent photograph of o Ceti, taken for 
the Draper Memorial, which I owe to the kindness of Professor 
Pickering. I shall return to this question. 

Stages A'nJteee&erA to those recordei "by DmAr, 

So far I have referred to the swarms observed by Dnn 4 r. The 
result of the discussion has been to show that all the phenomena 
are included in the h3rpothesis that the final stages we have con> 
sidered are antecedent to the formation of stars of Qroup in., 
bodies which give an almost exclusively line absorption, though 
they are probably not yet “stars,” if we use the term star to 
express complete volatilisation, similar to that observed in the case 
of our sun. 

The question then arises. Are all the mixed fluting stages really 
mduded among the objects already considered ? 

It will be remembered that in former drapters I have 
adduced evidence to the effect that the mixed fluting stage is 
preceded by others in which the swarms are still more dispersed, 
and at a lower temperature. The first condition gives us bright 
h3rdxogen ; the last, little continuous spectrum to be absorbed, so 
that the spectrum is one with more bright lines than indications of 
absorption; and, in fact, the chief difference between the epectra 
of these swarms and of those still sparser ones which we call 
nebulae lies in the fact that there are a few more bright metdlic 
lines or remnants of flutings ; those of magnesium, in the one cas^ 
being replaced by others of mai^anese and iron. 

If my view be correct — ^if there axe stages preceding those re- 
corded by Dundr, in which we get both dark and bright flutings — 
it is among bodies with spectra very similar to these that th^ 
should be found. 
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The first stage exhibited in the objects observed by Dun^r is 
marked by flutings 7, 3, and 2 (omitting the less refrangible one 
not yet allocated), representing the flutings magnesium, TnangatioB g ^ 
and iron visible at the lowest temperatures. 

The stars which I look upon as representing a prior stage should 
have recorded in their spectra the flutings 7 and 3 (without 2), 
representing magnesium and manganese. 

Classijioatim into Species. 

We are now in a position to apply all that has gone before in 
summarised statements of the various spectral changes, inclndin g 
those connected with hydrogen, which take place not only in these 
objects studied by Dun4r, but in those others to which I have 
referred as forming the true beginning of the group. 

The following statements and tables, however, must not be 
taken as anything else than a first approximation to the real criteria 
of specific differences. I am convinced that further thought is 
required on them, and that such further thought will be well 
repaid. 

The Sequence of tJie Vaiiotis Bands in the Spectra of the Memenis 
indicated hy Bodks of the Qrovp. 

In comparing the spectrum of an element which has been 
mapped in the laboratory with the absorption bands in the spectrum 
of a “ star,” we need only consider those bands and flutings which 
stand out prominently and ore the first to flash out when there is 
only a small quantity present. Thus, in the flame spectrum of barium 
(see p. 36) there is an almost continuous background of flutings with 
a few brighter bands in the green, and it is only important to con- 
sider the hands, as the flutings would mainly produce a general 
dimming of the continuous spectrum. Again, on account of the 
masking effect of the spectrum of one element upon that of another, 
we may sometimes have an element indicated in a star spectrum, 
not by the brightest band or fluting in its spectrum, but by the 
second or even third in brightness ; this, of course, only occurs 
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when the darkest band falls on one of the brightest datings of 
carbon, or npon a dark band in the spectrum of some other element. 
In the former case the dark band wiU be cancelled or masked ; in 
the latter case the two absorptions will be added together, and form 
a darker band of a different shape. 


If we consider the masking effects of the bright carbon flutings 
upon the absorption spectrum of each of the elements which, 
according to the results obtained, enter into the formation of Dnndr's 
bands, we have the following as the main results : — 

Magnesium . — There are two flutings of magnesium to be con- 
sidered, the brightest at 600 and the other at 621. In the earlier 
stages of Dun^r^s stars only the fainter one at 621 is visible, but 
the absence of the brightest at 600 is accounted for by the masking 
effect of the bright carbon fluting starting at 617. .As the carbon 
fades, the 517 fluting narrows, and the absorption of magnesium 
600 becomes evident. 

Mamganese . — ^The two chief flutings of manganese are at 668 
and 686, the former being the brightest fluting in the spectrum. 
The second fluting is seen in all of Dundr’s stara The first fluting, 
668, however, does not appear as an absorption fluting until the 
radiation fluting of carbon starting at 664 has narrowed sufficiently 
to unmask it. It is thus easy to understand why, in some stara, 
there should be the second fluting of manganese without the first. 

Ba/rvum . — ^The spectrum of barium consists of a set of flutings 
extending the whole length of the spectrum, and standing out on 
this as a bacl^pround are three bright bands ; the brightest band is 
at 615, the second is at 626, and the third, a broadAr band, is 
about 486. The second band is recorded as an absorption band in 
Dundr’s stars, the apparent absence of the^st band being due to 
the masking effect of the bright carbon at 517. The third band 
at 485 probably forms a portion of band 9. A fourth band, at 533, 
and the three brightest flutings at 602, 636, and 648 are also seen 
in a Orionis. 
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Chromium . — ^The flutings of chromium do not form portions of 
the ten principal hands of Dan4r, but the brightest are seen in 
a Orionis. The brightest fluting is at 680, and this forms band 1; 
the second, at 657, is masked bj the manganese fiTiting at 658, 
and the third at 636 is seen as line 2. The chromium triplet about 
520, -which is -visible in the Bunsen, is seen as line 3. 

JSism/uth . — ^The brightest fluting of bismuth is at 620, the second 
is at 671, the third at 602, and the fourth is at 646. The first is 
masked by the iron fluting at 615, the second is seen in a Orionis 
as band 2 (670—677). 

The points I consider as most firmly established are Hie -numlring 
effects of the bright carbon flutings and the possibility of the demon- 
stration of the existence of some of the flutings in the ^ectmm by 
this means, if there -were no other. There are two chief cases, the 
masking of the “nebula” fluting 600 by the bright carbon fluting 
with its brightest less refirangible edge at 617, and that of the 
strongest fluting of manganese ( = manganese 1) 668, by the other 
carbon fluting with its bii^test edge at 664. I have little doubt 
that in some quarters my anxiety not to be content to refer to the 
second fluting of manganese without being able to explain the 
absence of the first one, will be considered thrown away, as it is 
so easy to ascribe any non-nnderstood and therefore “ abnormal ” 
spectrum to unknown physical laws ; but when a special research 
' had shown me that at aU temperatures at which the flutings of 
manganese axe seen at all, the one at 658 retained its supremacy, 
I felt myself quite justified in ascribing its absence in species 1 — 
4 to the cause I have assigned ; the more especially as, in Chapter 
22., the first fluting was shown to be masked ly carbon in the 
case of cometaiy spectra. 


I append to the tabular statement gi-ven on pp. 430, 431 the 
following remarks and references to the number of the bodies in 
Dun^fs catalogue, in which the specific differences come out most 
stron^y. I also refer to some difficulties. 
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Sp. 1. The characteristic here is the almost cometary condition. 
All three bright carbon flutings generally seen in comets are visible; 
474 standing out beyond the end of the dull blue continuous 
spectrum of the meteorites, 516 masking magnesium 500, and 564 
masking manganese(l) 558. The bands visible in the spectra of 
bodies belonging to this species will therefore be manganese(2) 
586, and magnesium(2) 521 ; band 9 will be so wide and pale 
that it would most likely escape detection. It is very doubtful 
whether any of the bodies, the spectra of which have hitherto 
been recorded, can be classed in this species, but laboratory 
work assuredly points to their existence; it will therefore be 
extremely interesting if future observations result in their dis- 
covery. It is possible, however, that No. 150 of Dun4r’s list 
belongs to this species, but the details are insufScient to say with 
certainty. His description is as follows : " 150. H me paratt y 
avoir une baude 4troite dans le rouge, et une plus large dans le 
vert” (p. 65). 

Sp. 2. Characteristics : Appearance of iron. The number of bands 
now visible is three — ^namely, 2, 3, and 7. The iron comes out as 
a result of the increased temperature. Magnesium(l) and man- 
ganese(l) are still masked by the bright carbon flutings, and there 
is still insuflicient luminosity to make the apparent absorption 
band 9 dark enough to be noticed. 

Sp. 3. Oliaracteristics : Appearance of magnesium 500, which 
has previously been masked by the carbon bright flutings 517. 
7 and 8 are now the darkest band in the spectrum. 

Sp. 4 Characteristics : Appearance of lead(l) 646, i.e. band 5. 
This, if present in the earlier species at all, would be masked by 
the bright carbon at 564 

Sp. 6 . Characteristics : Manganese(l) is now unmasked. The 
bands now visible are 2, 3, 4, 5, 7, and 8, the two latter stiU being 
the widest and darkest, because they are essentially low-temperar 
ture phenomena. 

Sp. 6. Characteristics : Band 6, ie. barium(2), 626, is now added. 
The first band of barium at 616 is masked by the bright carbon at 
617. The bands now visible are 2 — 8, 7 and 8 still being widest 
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and darkest They will all be pretty wide, aiid they will be 
dark because the contmuous spectrum will be feebly developed. 

Sp. 7. Characteristics : Appearance of band 9. This, which has 
been already specially referred to, has been too wide and pale to be 
observed in the earlier species. Its present appearance is due 
to the narrowing and brightening of the carbon at 474, and the 
brightening of the continuous spectrum, the result Ireing a greater 
contrast Bands 7 and 8 still retain their supremacy, but all the 
bands will be moderately wide and dark. 

Sp. 8. Characteristics : All the 1»and« 2 — 9 arc more prominent, 
so that 7 and 8 have almost lost their sujircmacy. 

Sp. 9. Characteristics: Appearance of laind 1, the origin of 
which has not yet been determined. All the Imnds are well i>cen, 
and are moderately wide and dark. 

Sp. 10. Characteristics : Appearance of htnd 10, and in some 
cases 11. These become visible on account of the brightening of 
the carbon B fluting and the hydwicnrbon iintiiig at 431. The 
spectrum is now at its greatest beauty, and is discontinuous. 

Sp. 11. Characteristics : The bands are now liocoming wider, 
and 2 and 3 are gaining in supremacy ; 7 and 8 Isiconio narrower 
on account of the increased teini)emturc. 1 and 10 are only 
occasionally seen in this species. 

Sp, 12. Characteristics ; With the expansion of the continuous 
spectrum towards the blue, band 9 locomos very narrow, and 
cannot be observed with certainty. The other bands, with the 
exception of 7 and 8, are becoming wider and jjalor, while 2 and 3 
still gam in supremacy. 

Sp. 13. Characteristics : 9 has now entirely disappeared, 2 and 
3 still retaining their supremacy. 

Sp. 14. Characteristics : All the bands are pale and narrow j 2 
and 3 will still be darkest, but the difference will not be so great as 
in the preceding species. 

Sp. 16. Oharaoteiistics ; In ordinary motnbera of this gronp, 2 
and 3 now alone remain visible ; they a» wide, but feeble, as the 
continuous spectrum which has been rapidly developing during the 
last changes is now strong. 
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CHAPTER XXXVII 


SDB-GKOCPS AND SPECIES OF GEOUP m 

In tliia chapter 1 purpose to state the information already obtained 
with respect to Group III., and its relation to the two groups which 
bound it, in orrler that the validity of the distinction that I have 
drawn may be further tested. At present the observations are not 
sufficiently detailed to enable a classification into species to be 
made, as was done for Group IL, so that we have to be contented 
witli a general stateincnt of the sequence of phenomena in passing 
from the early to the later stages of the group. 

The oltservations lay no claim to great accuracy ; only small 
dispersion has lieon employed, and only a reconnaissance has been 
attempted. Tho gonerol method has been first to observe the 
differences between stars like Capella, winch mostly resemble the 
sun, and those like a Cygni and a Tauri, which show marked 
variations. 

Particular attention was directed to the manner in which the 
flutings wliich fonn tho special characteristic of Group II. died 
out in passing from Group 11. to Group III. ; what other pheno- 
mena accompanied the transition; and what were the special 
phenomena which accompanied tho gradual distension of the 
bydri^n lines in passing to Group IV. There has not been a 
sufficient number of fine nights since the work commenced to 
enable this to be done completely. 

Since bodies of Group III. are produced by the further conden- 
sation of the condensing swarms which I have included in Group IL, 
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there must be a dose xelatiozi between the earlier species of Group 
m. and the later species of Group 11. ; that is, if there be anything 
like the continuity which my hypothesis demands. We know, for 
instance, that in the latest species of Group II. there are flutings 
both dark and bright, and dark lines, amongst the latter being h, D, 
and K As the lines are produced, so to speak, at the expense of 
the flutings, we should expect to find that lines of magnesium, 
sodium, manganese, and iron are the most prominent, especially in 
the earlier species of Group in. In a Orionis we have associated 
with the metallic flutings the lines h and D, and both are well 
devdoped; E is also present, but it is not nearly so strong as & or 
D. The F line of hydrogen is shown as a thin line in a photograph 
of the spectrum taken by Professor Pickering, although, as far as I 
know, it had not been previously recorded. With an increase in 
temperature, a condensing swarm like a Orionis would give a 
spectrum without flutings; the magnesium flutings would be 
replaced by 5, and the iron fluting would be replaced by iron lines, 
of which E and the line at 579 would be the most prominent F 
is absent in most of the stars- of Group II., because the radiation of 
hydrogen from the interspaces is just sufficient to balance the 
absorption ; but in bodies of Group III. the interspadal radiation 
win have almost disappeared, and absorption will be predominant. 
We shall thus have F appearing thin in the early stages of Group 
III, and gradually thickening until it becomes as thick as in 
a Lyrse in Group IV. 

In the earliest stages of Group in. we should therefore expect 
to find F and E thin and I and D thick. As yet we have no 
evidence as to the first appearances of dark h and D in Group IL, 
but future observations made with special reference to this point 
will at once indicate in what species they first make their appear* 
ance as absorption lines. 

With the next increase of temperature F and E will thicken, 
but 5 and D will show no marked difference. With a further 
increase J and D will lose their supremacy, and will be only of 
about the same thickness as F and E, because most of the mag- 
nesium and sodium would have been driven out with the first rise 

2 P 
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in temperature. Afterwards all the lines, except those of hydrogen, 
■will gradually thin out on account of the increased temperature. 
Finally, the spectrum will he of the type represented by a Lyrse. 

The questio^ here arises. Where are we to draw the line between 
Group II. and Group III. ? If my definition of Group II. as the 
“ mixed fluting ” group be accepted, we must obviously draw the 
hne at the stage where carbon radiation disappears. The iron flut- 
ing at G15 remains for a considerable time after this happens, so 
that the earliest species of Group III. will be marked by the absorp- 
tion fluting of iron in addition to the characteristic line absorption. 
Tins being the case, observations show that Aldebaran is a good 
example of an early stage. 

Since the spectrum characteristic of Group IV. is that of ex- 
cessive hydrogen absorption, with other lines exceedingly fflint ia 
passing from Group III. to Group IV., the hydrogen lines must 
thicken whilst the metallic lines thin. 


Tfic Ohsmations hvointj Be/ereiux to ^{pccifie Differences in 
Oronp III. 

The stars so far .selected for observation were a few of the 
brightest, hitherto known as belonging to Class Ila. of V(^el’s classi- 
fication. A few stars more advanced than the Has. stars and a few 
less advanced were al.so observed in order that the passage from 
one group to the other might be determined. 

The main points to wliich attention was directed were (1) the 
relative intensities of F, b, E, 1), both in the same star and from 
star to star ; (2) the linos which appear to be special to one group 
or the other (UI. or V.) 

The importance of observing the tluckness of F in the spectrum 
of a star, as compared with its tluckness in other stars, is obvious, 
for it at once enables us to flx the position of the star on the 
tomperatnro curve immediately we have determined whether its 
temperature is increasing ur decreasing. 

Details of the observations of the thirteen stars which appear 
to be on the ascending side of the temperature curve are given 
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bdow. One of these is a Group IV. star, and one is a swarm of the 
last species of Group 11. The remainder bdong to Group IIL 

The stars are arranged in order of temperature, beginning with 
the lowest, as far as the observations enable us to do this. In 
general, the observations have been limited to the region of the 
spectrum lying between F and the iron fluting in the red at wave- 
length 615. 

The wave-lengths of the lines and flutings were determined by 
direct n<M Tn pn.TianTi with the electric spark, and with the lines and 
flutings seen when the various substances are volatilised in the 
Bunsen burner. On one or two occasions comparisons were also 
made with the spectrum of the Moon. 

a Oeti.—'S is fairly weU seen, but it is not nearly so thick as h 
or D, and not quite as thick as E. D is pretty thick and lies in the 
Mn(2) fluting (586). J is also thick. The trio of lines ^ in the 
green is present, the most refrangible member being the darkest. 
T.infla are present at about 579 and 568*5, the former being the 
stronger. lines at 499 and 552 rather thin. The absorption Fe(l) 
fluting at 615 and Mn(2) are both present, but far less intense 
than in Mira CetL The flutings Mn(l) 558 and Fb(l) 546 are 
also both feebly visible. The brightest fluting of carbon at 517 is 
just perceptible. This is therefore a very late star of Group H It 
is, in fact, the most advanced Group IL star of which observations 
have at present been made. 

{ AwrigoB . — Spectrum greatly resembles that of Aldebaran. F 
is thin. D is very thick, and more prominent than h. The trio of 
lines in the green is wdl seen. 579, 568, and the lines near 546*5 
and 558, are well seen. The lines at 499 and 552 are also present. 
The iron fluting at 615 is present^ and is a little stronger than in 
Aldebaran. This and the rdative thickness of F lead to the con- 
clusion that the star •falls between a Oeti and Aldebaran. Oaibon 
517 has disappeared. 

a Tawn.—^, E, and 499 are all about the same intensity, but 
none of them axe so strong as 5 or D. The trio is presen't> E being 
a little thicker than the second and third members. All three are 
^ The trio referred to in the obeervations oomprisaethe lines E (5268), 6827, 640. 
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seen to be double when a high power eye-piece is employed. 5V9 is 
nearly as thick as E and is stronger than 568. Groups of lines 
near 546 and 558 are fairly strong. 552 is also well seen. The 
Ee(l) fluting in the red (615) appears rather weak, and a pretty 
strong line runs through it near the most refrangible edge. There 
is also a line between b and 499, another between E and 5327, 
and many others. The Mn(2) (586) fluting is possibly visible at 
times. 

X OpMueM. — E is slightly stronger than in a Tauri, but is a 
little thinner than E ; not so thick as in a Cygni or a Serpentis. 
D is the strongest line in the spectrum and b comes next. 579 and 
568 are both about the same intensity as E ; so is 540, whilst the 
remaining member of the trio is rather weaker. The lines near 546 
and 558 are fairly strong, as is also 499. The iron band in the red 
is absent 

yS OphiiuiiA. E and E are about e(j;ually thick in the spectrum 
of this star. E is thicker than in Arcturus, but is not so thick as 
in a CygnL The trio is comi>lete, all the tliree linos being very 
well soon, b is the strongest line in the spectrum and D is the 
next 608 is iirescnt but weaker than 579. The lines near 646 
and 558 are also certainly present The line at 499 is about as 
thick ns E. 552 is present 

e Peffod. — ^E is about as strong as in a Aquarii ; D and b are 
about equal and as strong as E, 579 is stronger than 568, but is 
not quite so strong as D. E and 540 are not nearly as strong as 
579 ; the other member of the trio (6327) is very distinct 499 
and the lines near 546 and 568 are all fairly strong. 552 is also 
present 

a Aguarii, — ^E and b seem about equal in intensity in the 
spectrum of this star. D is not quite so strong as b, but is a little 
stronger than E; the other two lines of the trio are rather faint 
579 is about as strong, or perhaps stronger, than E. 568 is much 
weaker than 579. 499 is a fairly strong line. The lines near 546 
and 558 are well visible. 

7 Aqvdke . — is not nearly so strong as in o Aquilse, and is a 
little thinner than in a Cygni b and D are well defined, and 
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about equal in intensily, whilst E is a little weaker ; the remaining 
members of the trio are fainter than K 579 and 568 are present, 
the former being about as strong as E, but the latter is barely 
visible. 499 and the faint lines near 546 and 558 are present; 
also an important line less re&angible than D, which was found by 
comparison with the electric spark to be near 598. Another Muter 
line was seen near 612. 

a Oygm. — ^All lines except those of hydrogen are rather Mnt. 
E is the thickest line, G could not be seen very well, but C was 
weU visible. D is fairly strong in comparison with 5 or E. E 
seems a little fainter than I, but stronger than the other members 
of the trio. 579 and 568 axe seen, the former being much the 
stronger ; it is almost as strong as D. The line near 499 is not 
very strong, and there appears to be a line on each side of it The 
faint lines near 546 and 558 are also visible. 

<y CygmL — ^The lines axe much easier to see and much more 
numerous than in a Cygni, although the whole spectrum is very 
much fainter. E is thicker than in a Oygni, and G is also visible. 
D and 5 axe about equal in intensity, E is about the same as D, but 
much stronger than the other members of the trio. 579 is nearly as 
strong as E> but much stronger than 568. 499 is Mnt but certainly 
present The lines near 546 and 558 are also present 

S Oygm. — ^AU the lines except those of hydrtgen are Mat E 
and G are thicker than in 7 Cygni, and therefore thicker than 5 or 
E, whilst E is thicker than the other members of the tria 579 is 
a little stronger than 668 . 499 and the lines near 546 and 558 
are about equal, but very Mnt 

^ Pmd . — ^AJl lines Mat, with the exception of those of hydro- 
gen. E and G both thick. 5, D, and E are about equal in 
intensity. The remaining two members of the trio axe also as thick 
as E 579 is present, but 568 could not be seen. There is also a 
line near G, about 450 ; it is seen in the Henry Draper Memorial 
photograph of the spectrum of this star as a double; but it could 
not be resolved with the power used. 

a AgwiIcB.-~AR lines very Mnt exc^t those of hydrogen. E 
and G very thick. 5 , D, and E very faint but about equal in 
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intensity. 579 is not quite so strong as D. 499 is fairly well 
seen, as are also the two lines near 546 and 558. 

a I/yra . — ^All the lines except those of hydrogen are exceed- 
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ingly faint I* is very strong, but G- is not quite so thick b and 
D are fine lines, and about equal in intensity. The Mo is un- 
doubtedly present, as also the lines near 546, 558, and 579. 
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The lesolts of the observatiosas which have be^ referred to are 
embodied ia 79. The star at the lowest temperature is on the 
lowest horizon, and the one at the highest temperature is on the 
top horizon. The thicknesses of the lines have been greatly exag- 
gerated in the diagram, in order to render the variations more 
obvious. 

The wave-lengths and origins of the lines and flulings recorded 
in the observations are shown in the following table : — 


Wave-length. 

Origin. 

Wave-length. 

Origin. 

434 (G) 

486 CF) 

499 

5166) 

6172 V(6) 

6183 ) 

5268 (E) 

5327 

5400 

646 (fluting 
» (line) 

Hydrogen 

? 

Magnedum. 

Manganese. 

Iron. 

» 

Manganese. 

Lead(l) 

? 

562 

558 (fluting^ 

„ (line) 

668 

579 

586 (fluting) 
689 CD) 

598 

612 

615 (fluting) 

Magnesinm. 

Manganese(l) 

? 

Sodium. 

Iron. 

Manganese(2). 

Sodium. 

? 

? 

IroxL 


Teits. 

We have an important test of the accuracy of the preceding 
observations in tracing the continuity of the lines in passing 
finm the earlier to the later species of the group. In the map 
reproduced in Hg. 79, the stars have been arranged in order of 
temperatures by reference to tbe tMckness of F, it being univer- 
sally agreed that those stars in which the hydrogen lines are thickest 
are the hottest. With the stars in this order we ought to find that 
if a line be visible in any two of the stars, it is also visible in any 
other star of the group iu which T is of an intermediate thickness. 
On first arranging the stars in this way, it was found that there 
were here and there breaks in the continuity of the lines, but 
further observatioDS, made with special reference to the breaks, 
showed that the discontinuity was due to the incompleteness of 
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the first sets of ohservations. The only break now shown on the 
map is the apparent absence of Mg 5527 in x Ophiuchi, and this 
was not discovered before the star had got too far to the west to be 
re-observed. 

We have another test in tracing the variations in the inten- 
sities of the various lines in passing through the series. AaanTrting 
that a sufficient number of stars have been taken, there ought to 
be no abrupt change in the thickness of a line in passing from star 
to star. The temperature at which a line is at its maxiTirmtin thick- 
ness will depend on the volatility of the substance which produces 
it, so that all the lines need not necessarily have their greatest 
thicknesses in the same star. The continuity as regards the 
intensities of the lines is quite as perfect as could be expected 
from a preliminary survey. Thus D gradually thins from a Oeti 
to a Ljrsa ; b thickens from a Ccti to e Pegasi, and then thins 
gradually to a Lyne. This difference in the behaviour of b and 
B is obviously due to the fact that all the sodium would be dis- 
tilled out of the meteorites before all the magnesium was driven 
out, E (5208), 5327, 540, and 409 gradually thicken to ^ 
Ophiuchi and then tliin out. The line at 679 is almost equally 
thick in j8 Ophiuchi, e Pegasi, a Aquarii, and y Aquilse. The 
lino at 668 has a decided maximum in % Ophiuchi. The lines 
near 546 and 558 have their greatest thickness in the earliest stage 
of the group, gradually tliinning out towards the last. The 
remnant of the iron fluting (615) is seen to gradually disappear 
between a Coti and a Tauri ; no trace of this fluting was seen 
with the dispersion employed in any of the stars of a higher tem- 
perature than a Tauri. As the fluting disappears it is replaced 
by iron lines of gradually increasing intensities. The hydrogen 
line at G was not seen in any of the stars below a Oygni, but it 
does not follow that it was absent, because the lower stars being 
generally fainter, the attention of the observers was not directed 
so far into the blue. 

It will be seen, then, that the continuity is practically perfect, 
both as regards the intensities of the lines and the presence in 
each star of the lines necessary for perfect continaity. 
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Sequmee of Sp&sira m Qrou^ III. 

The general seq^nence of spectra in passing from the earlier to 
the later species of Group III. is as foUows, as far as the observa- 
tions have at present gone : — 

(1.) The hydrogen lines are thin. D is thicker than I, The 
iron fluting is faint. 499, E, 5327, 540, 568, and 579 are tbiu. 
546 and 558 are fairly thick. 

(2.) The hydrogen lines are thicker. E, D, and 5 are equally 
thick. E, 5327, 640, 579, and 499 are much thicker, being nearly 
as strong as E. The iron fluting has gone. 

(3.) The hydrogen lines are v^ much thicker than the other 
lines. D and I are equally thick. E is nearly as strong as 5, 
while the other lines are frinter. 

(4.) The hydrogen lines are very broad, while aU Uie remaining 
lines are exceedingly faint. 

Subsequent work will no doubt enable us to further divide 
these sub-groups into species. 



CHAPTEE XXXVIII 


GEOTIPS IV, V, VI, AEB VH 

The reason why we have hydrogen absorption in such great excess 
in Group lY. is possibly that most other substances have been dis- 
sociated by the intense heat resulting from the condensation of the 
meteoric swarm. We are, in fact, driven to this conclusion, 
because the hydrogen which was originally occluded by the 
meteorites must have been driven off long before this temperature 
was reached. 

In passing from a “ star” like a Tauri to one like a Lyrae, the 
metallic lines would thin and disappear in some order determined 
by their dissociability or some other quality. The later stars of 
Group III. are therefore very closely related to stars of Group lY., 
and the division between the two must be more or less arbitrary. 
For simplicity’s sake I have taken Group IV, as the point of 
maximum temperature. 

Criteria between Croups IIL and V. as deduced from fhe 
Observatiom. 

The general conclusion to be drawn from the observations is 
that there are several lines in the spectra of stars on the ascending 
side of tempeHrfaire curve, which do not occur in stars with a 
spectrum resembling that of the Sun, which must lie on the 
descending side of the curve, as we know it to be cooling. 

Some lines, such as F, b, D, and E, are common to both sides 
of the curve, though the rdative intensities are slightly different. 
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QBOUPS 17, V, VI, AND FIT 


US 


The pimcipal ciiteiion in Ihe visible part of the spectrum is 
the double line about wave-length 540, which, with the two iron 
lines E (5268) and 5327, forms the trio referred to in the observa- 
tions. Each member of the trio is seen to be double when a bigli 
power is used. These three equidistant lines, which are of nearly 
equal intensities, are well semi in Aldebaran and several other 
stars, but are not seen as such in either Arctums or Capdla. 

In Arctums and Capella, as in the Sun, there is a double line 
(5403, 5404*9), which makes an almost equidistant trio when com- 
bined with E and 5327. Direct comparison with Group III. stars, 
however, shows that the lines are not coindLdenh On one or two 
occasions the spectra of some stars of Group III. were compared 
with the spectrum of the Moon ; in the absence of the Moon, 
comparison was made with Arctums or CapeUa. A comparison 
of the Group IIL line with the Mn line at 540, referred to in 
previous chapters, shows a perfect coincidence with the dispersion 
employed; and sinoe both are double we are driven to the con- 
clusion that the 540 line in stars of Group IIL is due to man- 
ganese. Again, the double in Group Y. is considerably weaker 
than E, whereas that in Group IIL is very nearly as strong as E. 
The appearance presented to the eye by the real trio in stars of 
Group IIL is accordin^y very different &om that presented by 
the three lines in stars of Group Y. 

Besides the least refrangible member of the trio there are other 
lines which are special to Group IIL One of these lies between 
E and 5, at wave-length 499, as nearly as can be determined with 
small dispersion. In some of the stars this line is very strong. 
It is only seen as a very hunt line in Gapdla» Arctums, or the 
Sun, and is consequently an important criterion. The nearest line 
of anything like equal importance in Group Y. stars is the iron line 
at 495*7. 

Two lines, at 579 and 568 respectively, also appear to be 
special to Group IIL Ko lines of similar intensities are seen in 
either Capdla, Arctums, or the Sun, in those positions, although 
fainter lines are seen. 

In Bowland’s photographic map of the solar spectrum there is 
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a line at 5659 wiich is much stronger than the one nearest to 568, 
and this is not seen at all in Group III. stars. Only a very faint 
line is indicated in the same map at 5791, there being a stronger 
line at 5763 -which is not seen in Group III. stars. The two lines 
at 568 and 579 are, therefore, special to Group III. The line at 
579 was compared directly with the low temperature iron Ime at 
579, and the coincidence established with the dispersion employed ; 
this may, therefore, be talcen as due to iron. It may also be sug- 
gested that the line at 568 is the double green line of sodium, 
which appears bright in some of the bodies of Group I. Other 
linAg referred to in the observations are near 546 and 558, but it is 
not easy to distinguish these from lines seen in stars of Group V. 
There are several strong lines seen in the solar spectrum in the 
neighbourhood of 546, and there are also stror^ lines at 5673 and 
6587. In order to determine whether these lines -will serve as 
criteria or not, further inquiry with greater dispersion will be 
necessary. 

There seems to bo no doubt, therefore, that criteria between 
Groups in. and Y. have been determined by the observations, and 
we are now in a position to assign the stars of Vogel’s Class Ila. to 
one group or the other. 

Group VI., as has been before stated, is defined by enormous 
carbon absorption, which is the real origin of the inversion of 
the dark spaces first pointed out by Seoohi, although he missed 
its significance. Ilonco, in passing from a body in Group Y., such 
as our Sun, the metallic absorption— oliiefly by iron, calcium 
magnesium, and sodium vapours — is reduced, while the carbon 
increases its intensity. The spectra of the sub-groups have not 
yet been completely worked otrt; but enough work has been done 
to suggest that the carbon absorption is strongest in the middle 
members of the group, and that the blood-red stars are approaching 
the extinction of their light chiefly by continuous absorption, 
strongest at the blue end. When this absorption is complete, we, 
of course, reach a body representing Group YII., of which no more 
need be said. 



PAET YII 

ON THE OEIGIN OF BINAET AND MT3LTIPLE 
SYSTEMS 



OHAPTEE XXXIX 


GBNBEAL CONSEDBEATIONS EELATINQ TO COLOTTE AOT MAGNITODE 

In the last part we considered how the Meteoiitic Hypothesis fully 
acootmted for the spectrum observed in the case of each celestial 
body, and enabled us to classify aU of them along one line of 
evolution. We have now to pass from single to double and 
multiple systems of nebulas and stars. Here we are driven to 
the conclusion that in most cases double stars have at one time 
existed as double nebulas, although it is possible that in some 
the companion is a late addition to the system, as a periodical 
comet is an addition to our own. 

In discussing this matter, however, a difficulty arises on account 
of the fact that on the new view there will be no constant relation 
between the mass of a swarm and its brightness. When we see a 
“star” of a certain magnitude, we cannot tell from its light alone 
whether it is a large feint one or a small bright one, for a large body 
at a low temperature may be equalled or even excelled in bright- 
ness by a smaller “star” at a higher temperature. When we 
know the spectra of the bodies, we also know their relative 
temp^tures, and no doubt can arise ; but, in the absence of 
spectroscopic details, it is possible that colour may help us to a 
certain extent. 

So far as we at present know, the colours associated with 
the different groups of celestial bodies are in all probability as 
follows : — 
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Group L — Blue, greenish-blue, white, or pale gray. 

Group II. — ^Yellowish-red. 

Group III. — ^Ydlow to white. 

Group IV. — Bluish-white. 

Group V. — White to yellow. 

Group VI. — Eeddish-yellow to blood-red. 

Group VII. — ^Dark bodies. 

Tlie blue colour of some of the more advanced members of 
Group I., which are all faint, is probably due to the bright blue 
fluting of carbon which stands out beyond the end of the continu- 
ous spectrum. They ore really blue, and not apparently so because 
of on absorption of the red. That in the case of double stars this 
colour is not due to optical causes or complementary colours is 
shown by the fact that there are some equally faint stars which are 
soon to be red under similar contrast and instrumental conditions. 

rechiilc has observed the spectrum of one faint blue star, and 
his observation bears out my view of their nature. He says — 

... Jfl' aa Nonl ilc cette <5toile je troave uno ^toilo de V®-, qni a un 
Kpectre trus tdnfodivr ni tin III ni du IV lype. La partio moins idfiangible 
du Hpcctre n’eat qu’iiidifttitictoinrat conpdc et im pea plus iTuninease du cdt4 
du rou^>c. ApriiN uue larfju intervallu noire vient une zone 4tzoite d’un ddat 
tout-&-fait itrudoiuinunt qui ^dteint tapidemont du cdt6 plus xd&angible> et 
fonne la fm dn spectre. La coulour de I’dtoile est bleufttre.^ 

The green colour of the unadvanced members of Group I. is 
probably duo to the magnesium radiation ; thus, the Bing Hebula 
in Lyra is green, and we find that its radiation consists ahnost 
entirely of the magnesium fluting at wave-length 500 . The bodies 
in the same group which are white, or pale gray, in all ptobabilily 
add the radiation of carbon and incandescent meteorites to the 
foregoing. How far spectroscopic observations made with the 
assistance of large telescopes will confirm these views or prove them 
to he erroneous remains to be seen ; for the present, however, we 
may take the colours associated with bodies in Group I. as I have 
stated them. 

1 PechUle, JSaepidUion Damtaet X88S, p. 40* 
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The colours which I have associated with Groups II. and VL 
are those given by Duu6r. 

The prevailing tint in bodies of Groups III. and V. is yellow 
or orange, so that when we see a yellow star we cannot say from 
colour alone what group it belongs to. 

The stars of Group IV, a Lyrse, and Sirius being the most 
brilliant types, are white ; but some of them, such as the most 
brilliant named, are bluish-white. 

The bodies of Group VII. have no inherent luminosity. 


General Statement of Oonditio7is. 

In discussing the question whether the components of a binary 
star have condensed from the same nebulosity or not, a difficulty 
arises on account of the fact that, according to my theory of their 
constitution, there will be no constant relation between the mass 
of a swarm and its brightness. 

If a pair of stars of unequal masses have condensed from a 
double nebula, the smaller one will be further advanced along the 
temperature curve than the larger one; the colours and spectra 
will be different, hut it is ryot imperative that the magnitudes shall 
he unequal. The smaller swarm, because of the greater amount of 
variation in its radius vector, will suffer more quasi-tidal action, 
and therefore more collisions per unit volume must occur ; it will 
therefore condense more rapidly than the larger one ; it will soon 
become as luminous, and afterwards will for a time be considerably 
hotter than the larger one. 

If the masses be very unequal, the smaller one will have the 
smaller brilliancy for a longer time. .When there is a great differ- 
ence in magnitude, therefore, it is fair to assume that the one with 
the smaller magnitude has also the smaller mass. 

Another difficulty in the discussion, in the absence of spectro- 
scopic details, is due to the similarity in colour of bodies at equal 
heights on the opposite sides of the temperature curve. Thus, as 
already stated, bodies in Group III, have, so far as we at present 
know, exactly the same colour, namely, yellow, as those in Group V. 

2 G 
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Again, many of the members of Qroup II. have the same colour as 
some in Group VI. 

The genenil conditions vrith regard to this subject may be t.b us 
briefly stated : If the magmiVides, colour, and spectra of the two 
components of a physical double are identical, both had their 
origin in the same nebulosity with two condensations, or in a 
double nebula. 

If the maipwbuAes are nearly eepidl, but the colours and spectra 
different, it may be that the one vrith the most advanced spectrum 
has the smaller mass ; and if the advance is in due proportion, we 
are justified in regarding them as having had a common origin. 

If the ‘ma^itudes are very unequal, we may take the one vrith 
the smaller magnitude os having the smaller mass ; and if it is pro- 
portionately in advance, as indicated by its spectrum, or colour, 
we may regard both components as having had a common origin. 
If the smaller one be less advanced than the larger one, we have 
t<» i-egard it as a late addition to the system. 

1/ the two stars are of equal num and revolve round their common 
centre of giuvity, they have in all probability done so fifom the 
nebulous stage, and therefore they will have arrived at the same 
stage along tho evolution road, and their colours and spectra vrill 
be identical 

If, hmoecer, the masses are very diffmnt, then the smaller mass 
will run through its changes at a much greater rate than the larger 
one. In this way it is ^rossible that the stars seen so frequently 
associated with globular iiobuhe may be explained; while the 
nebula with a larger mass remains still in the nebulous condition, 
the smaller one may be advanced to any point, and may indeed 
even be totally invisible (Group VII.), while the parent nebula is 
still a nebula. This condition may be stated most generally by 
pointing to those double stars in which the companions are smell 
and red, although we know nothing for certain vrith regard to their 
masses. But if we pass to the other category, in which it may be 
su^ested that the companion is added afterwards, the most extreme 
form would be a nebula revolving round a completely formed stsx, 
like an enormous comet round the Sun ; a less extreme form would 
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be a bright-line star, or a star of the second group, revolving round 
one of a higher group. In this case the colour would be blue or 
greenish-blue or gray. 


MgM Curves. 

I find that the best way of dealing with this question is to 
represent the life of each component by a curve, in which the 
ordinates represent time and the magnitude of the star. Then, if 
the colours and magnitudes are consistent with the curves begin- 
ning at the same point, we are justified m regarding both as having 
condensed from the same nebulosity. If not, in aU probability the 
companion would be a later addition. 

The form of the light curve, which represents the effect of 



Fig, 80.~Foem of Light Ourvb. 


increase and decrease of temperature, will probably be something 
like Kg. 80. 

"We should expect the curve to be somewhat similar to the light 
curves of the regular variables of Group II., where the increase in 
luminosity is due to the collision of two meteor-swarms. Here 
there is a rapid rise to maximum, and a steadier fall to mmiimiTn. 
This is confirmed by the fact that there is apparently a greater 
number of stars of Group V. than of Group III., though on this 
point I cannot yet speak with any certainty. If this should turn 
out to be so, the fact would appear to indicate that the time of 
existence of a body as a star of Group V. is probably longer than 
the time during which it exists as a condensed meteor-swarm tmder 
the conditions of Group III. During its existence as an uncon- 
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deused swaxm, however, the increase of luminosity of the swarm 
will be very steady ; hence there will first of all be a gradual increase 
of luminosity ; this will be followed by a rapid rise to TYia.viTnnTn 
and afterwards a steady fall, until finally all luminosity disappears. 
The light curves being of this form, if we begin with two imcon- 
densed swarms of equal masses and conditions, the curve for each 
will be the same in length and in the point of maximum luminosity. 
It will be a neck-and-neck race, and we shall have equal brilliancy, 
similar colour and spectrum throughout Such stars I call Class 1. 



CHAPTER XL 


DETAILS OE THE VAEIOUS COLOTJE CLASSES AND CONCLUSIONS 

Binary Sta/rs, Class 1 . — Equal Magmitvdes and Similar Colours (not 

Yellow). 

The first question is, Are there any such stars, for, from the 
existence of so many nearly equal double nebulae in the heavens, 
we should expect a large number. 

For the purpose of this inquiry I have used the Bedford Cata- 
logue,^ and have limited myself to the stars which afford the 
strongest evidence of being binary systems. In the absence of any 
spectroscopic survey of such systems, I am forced to content myself 
with similar or nearly similar colours. 

The following is a list of the binary stars given by Smyth, in 
which the magnitudes and colours of the components are almost 
identical I except for the present those in which both components 
are yeUow, for a reason before stated. 

In these cases the two curves representing the lives of the com- 
ponents win be identical, or nearly so, and will be as in Kg. 80. 
One of the components may have a somewhat smaller mass, and, 
therefore, a shorter time of existence, as a self-luminous body, than 
the other, but the magnitudes and colours may stfll be nearly 
equal, or sufficiently so for my present purpose in the present 
state of our knowledge. 

^ A OycU of CdestM Objects^ Sxnyth and Chambers. Second edition, 1881. 
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Table I, — Binakt Stabs, Class 1. 


Snath's 

I^Aine. 

Hogni- 

tuaea. 

Colours. 

13 

38 Pisciam 

7?t 1 

8 

Light yellow , 

Flushed white. 

40 

181 P. 0. Cassiopeiaa . . 

8 ! 

84 

Flushed white 

White. 

85 

123 Piscium 


84 

Yellowish . . 

Pale white. 

108 

209 P. 1. Piscium . . . 

7 

74 

White . . . 

White. 

117 

a Piscium 

5 

6 

Whitish-yellow 

White. 

170 

£ Arietia 

5 

84 

Pale yellow . 

White. 

201 

7 Tiinri 

6 

84 

White . . . 

Pale yellow. 

337 

32 Orionis 

5 

7 

Blight white . 

Pale white. 

449 

801 P. VI. Lyncis . . . 

6 

64 

White . . . 

White. 

480 

1104 e Puppis .... 

7 

9 

White . . . 

White. 

484 

a Qeminonim .... 

8 

84 

Bright white . 

Pale white. 

492 

170 P. Vn. Cania Minoria. 

7 

8 

White . . . 

Ash-coloured. 

562 

t Cancri 

5i 

7 

White . . . 

Yellow. 

586 

157 B. Lyncis .... 

74 

8 

White . . . 

White. 

681 

229 P. 7 Leonis .... 

8 

8 

White . . . 

White. 

698 

^ Ursic Majwis . ... . 

4 

64 

Subdued white 

Grayish-white. 

779 

1606 € Can. Vciiatico . . 

6i 

74 

White . . . 

White. 

851 

7 Virginia 

4 

4 

Silvery -white . 

Pale yellow. 

860 

1678 < Virgims .... 

S4 

74 

Vei 7 white . 

Yellow-white. 

915 

127 P. Xlfl. Virginia . . 

8 

9 

Palo wliite 

Yellowish. 

946 

238 P. Xni. Virginia . . 

7 

84 

White . . . 

White. 

961 

B. Hootis 

74 

9 

White . . . 

White. 

986 

t Bootia ...... 

84 

44 

Bright white . 

Brij^ht white. 

1007 

44 Bootis 

5 

6 

Pale white 

Lucid my. 

1026 

1 B. OoroncA Borealis . . 

6 

• 64 

Very white . 

Very whits. 

1031 

17 Ooronoa BoimlU . • . 

6 

- 64 

White . . . 

Golden-yellow. 

1035 

/A* Bootia 

8 

; 81 

Qreeniah -white 

Gi^nidi-white. 

1077 

40Ser|Kmtia ..... 

7 

i ^4 

Pale white 

YeHowish. 

1130 

2106 4 Ophiuchi .... 

7 

9 

White , . . 

White. 

1150 

fA Braeonis 

4 

i ^4 

Wliite . . . 

White. 

1213 

r Ophiuchi 

5 

1 6 

Pale white 

Pale white. 

1227 

73 Ophiuchi ..... 

6 

1 71 

Silvery-white . 

Pale white. 

1274 

K Lyno 

5 

! H 

White . . . 

White. 

1326 

108 P. XIX. Dmconia . . 

8 

1 9 

White . . . 

White. 

1442 

X Oygni 

5 

1 « 

Bluiah . . . 

Bluish. 

1457 

2744 « Aipiorii .... 

6i 

71 

White , . . 

White. 

1490 

29 K Pe^i 

n 

8 

White . . . 

White. 

1515 

1 Cephei 

5 


Bluiah . . . 

Bluish. 

1523 

148 li. Pcgaai .... 

7 

1 81 

Wliite . . . 

White. 

1535 

f Afiuarii 

4 


Veiy white , 

White. 

1536 

37 roj^i ...... 

6 

1 74 

White . . . 


1552 

219 ICXII. Aquarii. . . 

71 

i 8 

Yellow. . . 

Flushed white. 

1578 

69 P. XXIII. Aquarii . . 

1 ® 

.84 

Flushed . . 

Flushed. 


Binary ^an, (Baas Magniittdes and Similar Gohnm 

{YdUno). 

The foUo'wiQg list contains those binaiy stars in which boih 
components are yellow and of nearly equal magnitudes. If both 
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components shall he found to have identical spectra, thus placing 
them in the same group, a point which their colour leaves indeter- 
mmate, their “ Me curves ” will he coincident. If one is found to 
belong to Group III., however, and the other to Group V., they can 
stiU he represented hy two curves beginning at the same point, 
hut with the ascending side of one intersecting the descending side 
of the other, as in Fig. 81. In the former case the masses of the 
two components would evidently he equal, or nearly so, while in 
the latter case one would be considerably laiger than the other. 
Hence, in all cases where the components are yellow and of nearly 



Fig. 81.— Forms of Lwut Curves (Clash 2). 


equal magnitudes, we axe justified in regarding them as having 
possibly condensed from the same nebulosity. 


Table II.— Bikaey Stars, Class 2. 


Smytli’s 

No. 

Name. 

Ma^i- 

tuaea. 

Colours. 

3 

316 B. Oephei . . . , 

^4 

7 

Yellow . , , 

Dee^r yellow. 

12 

318 B. Cephei .... 

7 

H 

Yellow. . . 

Yelfowilh white. 

46 

36 Andromeda .... 

6 

7 

Bright orange 

Yellow. 

487 

149 P. III. PuppiB . . . 


6 

To]^tinteJ . 

Topaz tinted. 

524 

f Oancri 

6 

7 

Yellow. . . 

Orange tint. 

689 

9 P. XL Leonis .... 

H 

n 

Faint yellow , 

Faint yellow. 

690 

1516 € Braconis .... 


8 

Yellowiah . . 

Ashy yellow. 

895 

42 ComtQ Berenicis . . . 

^4 

5 

Pale yellow , 

Pale yellow. 

981 

a Centauri 

1 

2 

Yellow . . . 

Yellow. 

1463 

61 Oy^ni ...•«« 

5i 

6 

Yellow . . . 

Yellow. 

1483 

2i) B. Pegasi ..... 

7 

7 

Yellowish . . 

Yellowish, 

1598 

37 B. Andromedie . . . 

6 

, 6 

1 

Yellowish , . 

Yellowish. 
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Dinary Stars, Class 3 . — Hqual or Nearly Ngual Magnitudes, one 
Star being Blue. 

There is a considerable number of binary stars in which the 
magnitudes of the components do not differ very much, but where 
one star is blue. If we take these blue stars as belonging to 
Group I., we shall have an average case represented by Kg. 82, both 
curves starting at the same point. From this point of view the 
companion which has the smaller magnitude has the greater mass, 
and the system is young. 


i\;^ 


Fid. IAiumh ok Liuht C(th\kh (Cuhh 8). 

If tliose curves are a fair representation of binary stars of this 
class, it is clear that we ought to find the primaiies in every case, 
white or yellow. This is a severe test, but yet on referring to the 
following table, whidi is a list of such binary stars, it will be seen 
that there is not a single case in which the primary is not white or 
yellow 
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Table III. — Bieaet Stabs, Class 3. 


Smyth’s 

No. 

Name. 

Magni- 

tudes. 

Colours. 

1 

I. Casaiopeise 

7 

8 

Yellowish-white 

Bluish. 

21 

49 Piscium 

7 

10^ 

White . . . 

Blue. 

24 

61 Piscium 

6i 

9 

Pearl-white . 

Lilac. 

50 

261 Pisoium .... 

8 

9 

Pale orange . 

Clear blue. 

68 

<f> Piscium 

6 

8 

White . . . 

Pale gray. 

120 

lOArietis ...... 



Yellow . . . 

Pale gray. 

160 

33 Arietis 

6i 

84 

Pale topaz 

Light blue. 

202 

98 Endani 


9 

Yellow . . . 

Plum colour. 

438 

14 Lyucis . . ... 

6i 

7 

Golden-yellow 

Purple. 

442 

607 

38 Gfeminorum . . 

6 Puppis 

ei 

7i 

8 

9 

Light yellow . 
Pale yellow . 

Purple. 

Light blue. 

696 

0 ) Leoziis 

ei 

74 

Pale yellow . 

Greenish. 

671 

64 Leonis . . . . 


7 

White . . . 

Gray- 

Light blue. 

706 

t Leonis 

4 

74 

Pale yellow . 

722 

17 Crateris 

5i 

7 

Lucid white . 

Yiolet tint. 

922 

25 Canum Venaticorum . 

6 

8 

White . . . 

Blue. 

939 

1785 e Bootis 

7i 

8 

White . . 

Bluish. 

971 

70 P. Xiy. Librffi . . . 

n 

84 

Pale yellow , 

Greenish. 

996 

^ Bootis .... 

3i 

64 

Orange . . . 

Purple. 

Sm^t blue. 

1081 

a Coronse Borealis . 

6 

64 

Creamy-white 

1101 

X OpMuchi . . . 

167 B. Heroulis .... 

4 

6 

Yellow-white . 

Smalt blue. 

1132 

7 

84 

Yellowish . . 

Bluish. 

1219 

70 Opbiuchi 


7 

Pale topaz . . 

Yiolet 

1229 

417 B. Herculis . , 

6 

74 

YeHow . . . 

Bluish. 

1444 

4 Aq^uani 

6 

8 

Pale yellow . 

Purple. 

1498 

A4 Oygni 

6 

6 

White . . . 

Blue- 

1522 

41 Aquarii . ... 

6 

84 

Topaz-yellow . 

Cerulean blue. 

1624 

33 P. XXII. Pegasi . 

7i 

104 

Lucid yellow . 

Sea-green. 

1631 

33 Pegasi 

6i 

10 

Yellowish . . 

Blue. 

1686 

107 Aquarii . , . . 

6 

74 

Bright white . 

Blue. 


Bvrmry Stars, Class 4 . — Very Unegual MagnUudes, the smaller Star 

iemg Blue. 

The next class to be considered is that in which the companion 
is of relatively small magnitude, and is blue, green, or gray, the 
primary usually being white or yellow. 

A binary star of this class can be equally well explained by 
starting the two curves at the same point, or starting one later than 
the other. In the former case we should have to regard the one 
with the smaller magnitude as having the greater mass, and the 
two curves would be as in Kg. 83 (left). If we take the one with 
the smaller magnitude as having the smaller mass, we shall have 
the curves as in Fig. 83 (right). 

It seems probable, therefore, that we oannA at present tell 
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'whether the components of a binary star of this class have both 
condensed from the same nebulosity or not ; but since the com- 
ponents of the majority of binary stars appear so far to have had 
in all probability a common origin, there is no reason why we 
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should rather regard these as having had a different one. The 
following is a list of them taken from Smyth’s Cel&Ual CyeU : — 


Table IV.— Binaey Stabs, Class 4. 


Smyth's 

Nil. 


2 

9 

14 

16 

48 

83 

118 

128 

830 

440 

468 

r>33 

m 

684 

m 

m 

m 

im 

1499 

1560 

1567 


Name, 


a Audroxtieda . . 

7 Tcgaai .... 

i Ctiti 

42 IMscium . . , 
It. Andromuda . . 
40 Cassiot^KiiRi . . 
e Triatigiil! . . . 
259 ^ Andromotla . 
5 0riouiB . . , . 
59 Atingm . . . 
dAuripro . . . , 
67 P. Yin. Giwrri . 
a C^ncii .... 
e Hydros .... 
i Urom MftjoriH . . 
a* UrwQ Majoris . . 
1 1)oot!a . . . . 


aOygni 

fclW 

{PegMi 

•O^hei 


Magni- 

tudes. 

Colours. 

2 

7 

4 

6 

P 

6 

6 

? 

P 

? 

5 

5 

11 

11 

11 

13 

16 

11 

15 

15 

7 

11 

9 
13 
12 

Si 

11 

9i 

10 

9 

15 

15 

10 

White . . . 
White . . . 
Bright yellow 
Topaz-yellow . 
Bright white . 
yellow. . . 
Bright yellow 
Bright yellow 
White . . . 
Pale yellow * 
Pale white 
Pearl-white . 
Straw-coloured 
Pale yellow . 
Toi)az-vellow . I 
Slushed white 
Sapphire-blue 
Pale yellow , 
Pale white . 
Pole yellow . 
Deep yellow . 

Purplish. 

Pale blue* 

Deep blue. 
Bmerald-green. 
Dusky gray. 

Pale blue. 

Dusky. 

Palegrav. 

Pale violet. 
Livid. 

Purole. 

Viowt, 

Blue. 

Purpla 

Purple. 
Sapphire-blue. 
Snwt blue. 
Sea-men. 
Purple. 

Blue. 

Purple. 


Binary Stars^ Class S,^Unequed Magniivd&s^ (hefaiff^r Star 

Ising Bed. 

There axe a few binary stars in which the companion is red. 
The red component has probably a smaller mass than the primary, 
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and is, consequently, further advanced along the temperature 
curve. Kg. 84 represents an average case of such a binary star ; 
both curves starting at the same point 

We have here again a severe test, for if these curves represent 
anything like the truth, the primaries ought in every case to be 
white or yellow. On referring to the list it will be seen that this 
condition is satisfied in every case. 



Pig. 84.— Forms of Light Curves (Class 6). 


Only a small number of suob binaries have been recorded. 
They are as follows — 


Table V. — Binaet Stabs, Class 6. 


Sink’s 

Kame. 

tades. 

Colours. 

42 

7 ) Cassiopeiss 

4 

74 

Yellow . . . 

Bed. 

1157 

5 Herculis 

4 

84 

Greenish-white 

Grape-red. 

1274 

e Lyr» 

6 

64 

YeUow . . * 

Ruddy. 

1297 

287 P. XVIIL Draconis . 

7 

8 

White . . . 

Pale red. 

1651 

T Aquarii .... 

6 

94 

White . . . 

Pale garnet. 


Ovistandiv^ Cases. 

Out of all the binary stars of which there is any record in 
Smyth’s Celestial Cyde, there are only nine which cannot be in- 
cluded in any of the five classes which have been dealt with, 
live of these are totally indeterminate on account of the absence 
of a statement of the colours ; they are as follows — 
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H 


B 

ColoaiB. 

22 

XCassiopoite 

6 

64 

Colours 

not stated. 

491 

a Canis Alinoris .... 

14 


Yellowish-white 


872 

35 ComoB Berenicifi . . . 

5 


Pale yellow . 

Indistinct. 

loss 

7 Ooronia Borealis . . . 

6 


Flushed white 

Uncertain. 

1303 

7 Corome Australis . . . 

6 

6 

... 



The remainizig four are as follows — 
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X Gexninorum .... 

44 

11 

Brilliant white 

Yellowish. 

635 

1114 

7 Leonis 

t Herculis .... 

2 

8 

4 

6 

Bright orange . 
Yellowish-white 

Greenish-yellow 

Orange. 

1528 

7 Aquarii 

4 

14 

Greenish tinge 

Purple. 


In the first of these, X Oeminorum, the companion has probably 
been added since the primary condensed, for we cannot place the 
two components on curves which begin at the same point 

With regard to y Leonis, there is a difficulty as to what spectrum 
should be associated with the greenish-yellow component, so for the 
present it cannot be stated whether both have condensed fix>m the 
same nebulosity or not 

Wo cannot inchrdc ^ Herculis in Class 2, because the differ- 
ence between the magnitudes of the two components is too great, 
but we con represent the case by starting the companion curve a 
littlo later tlion the primary curve. We may, therefore, conclude 
that we have here to deal with an added companion. 

Both components of 7 Aquarii are probably in the nebulous 
condition, and the difference between the magnitudes of the com- 
ponents is probably entirely due to the difference between tiie 
masses. It is probable that tins is a cose where the meteor- 
swarms are in a very early stage of condensation. 


Oondnsi/m. 

From the foregoing lists and discussions it will be seen that in 
nearly all oases the components of a binary can be shown with 
much probability to have had their origin in doable nebuhe. 
There are exceedingly few cases in which it seems at all likely 
that the companion is an addition of a cometaiy nature, and it is 
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possible that even these few exceptions may be due to errors of 
observation. Indeed, a study of cometary phenomenon leads us to 
expect this result, for they seem to be shortlived. 

I cannot omit to point out how very admirable the colour 
observations must have been to stand the strain to which the fore- 
going generalisation has subjected them ; and that if equal skill be 
now applied to observation of the spectra of these bodies, a con- 
siderable advance in our knowledge may be looked for. 

The conclusions we have thus been driven to are very import- 
ant First, they suggest that we may have even bodies of Group 
Vn., i.e. planets, revolving round a stiU uncondensed nebula, and 
that, secondly, in the case of multiple stars they have, in the vast 
majority of cases, all sprung from multiple nebulae. What must 
» happen with regard to the light emitted by these bodies thus 
gravitationally united al origins, if they interfere at all with each 
other’s movements so far as the meteorites in a swarm are con- 
cerned, or if members of the later groups come in the Earth's line 
of sight, has next to be discussed. 



PAET VIII 


ON THE VAEIABILITY IN LIGHT AND COLOUE 
OF COSMICAL BODIES 



CHAPTER XLI 


AN INTEODUCTORY STATEMENT 

On the hypothesis we are considering there is a grand and orderly 
variation, both in light and colour, in the case of every undisturbed 
swarm during its condensation from its most nebulous condition to 
that of a cool dark globe. 

As by virtue of the ordinary evolutionary process an imiis- 
twrled swarm successively passes through the changes, the results 
of which define the various groups, the light will wax through 
Groups 1. to ly., and then wane till it is finally extinguished ; at the 
same time, the colour seq^uences defined in Chapter XXXIX. will be 
successively passed through. But with such a variability as this, 
compared with the period of which our aTmus magnus is but a point 
of time, we have now nothing to do. We have to deal really with 
distiirled swarms or with double or multiple swarms through their 
various stages of condensation. 

Let us take the purely disturbed swarms first. Imagine a 
nebula, sparse, and therefore so dim as hardly to be visible at all 
Then, farther, imagine the appulse of another, or the approach of 
a meteoritic stream. We shall have the condition which must 
bring about increased luminosity, the outburst may be short or 
sudden ; the greater luminosity may last a short or a long time ; the 
dymg down of the light may be fast or slow. In that we shall 
have the possibilities of new and dying stars. 

If the spectrum of the light produced by this clashing be observed, 
we may not have precisely the same phenomenon as that noted 

2g2 
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in the various groups defining the result of the orderly condensa- 
tion of a single swarm, for the simple reason that we shall hare 
two swarms or bodies to deal with. Even if the very highest tem- 
perature he reached, we shall not have exactly the same spectrum 
as that presented by Group IV. 

The most stupendous case illustrating the above remarks is to 
be found in the Pleiades, the true structure of which has been 
revealed to us by Mr. Boherts, a copy of whose long-expotoe 
photograph forms the frontispiece to this volume. The principal 
stars ore not really stars at all; they are simply hd of inter- 
crossings of metooritic streams, the velocities of which have been 
sufficiently great to give us, as the result of collisions, a temperature 
approaching that of a Lync, so far as we can judge by the 
spectrum; but that the a Lyne conditions axe not present is 
evidenced by the fact that in Pleione the dark hydrogen lines 
have a bright line running down their centres. Hence we have 
intensely-heated hydrogen outside that which is absorbing.^ 

So long as those meteoritic streams ore interpenetrating and 
disturbing each other, so long the Pleiades will shiue ; but their 
light may soon cease if the disturbance comes to an end, for 
we are not dealing with masses of vapour like a. Lyrte. Indeed, 
one of them seems to have already become invisibla Of the seven 
daoghtoni of Atlas, one has disappeared. The “septom radiantia 
sidcra” are seven no longer, the seventh had vanished before the 
time of Aratus. 

“The PliuadeB : small tho region 
They fill, and polo tho light thoy dart 
Seven juurneyeie men call them 
Though only six ate visible to ken. 

No star, 1 wis, has vaniohed from Heaven's floor 
Within mortal tradition, and idly is that number 
Fabled. Natheless seven the names they bear : 

Aleyone, Metope, Oelmno, Electra, 

Bterope, Taygeto, and statdy Maia.*’^ 


* Miss A. 0. Haary in Aitronmii^ NaehHMm, No. 29S4. 
* Peste's translation, p. 18. 
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At the beginning of the action to which I have ascribed the 
present light of the Pleiades, we shoidd have the appearance of 
a “new star,” and the greater the light produced and the more 
sudden the outburst the more certainly would the appearance of 
a new star be chronicled. Many such stars have burst forth, and 
the phenomena recorded have been entirely in harmony with the 
explanation afforded by the hypothesis ; but, as the discuBsion of 
these phenomena is not yet complete, I shall not in the present 
volume touch farther upon them; but I may point out that before 
the existence of “ variable stars ” was recognised, as it is now, the 
increase in magnitude of a variable at maximum, rendering visible 
to the naked eye what was before invisible, was attributed to the 
creation of a new star. Hence it is that the first work done on the 
periodicity of variable stars grew out of observations of so-called 
Novae. 

Leaving on one side, then, any question of Novae we will inquire 
into the growth of our knowledge of stars, the light of which is 
known to wax and wane with more or less regularity, and see to 
what causes this variability has been ascribed. We have to con- 
sider those shorter periods of light variation, well within human 
ken, light changes which, instead of taking millions and perhaps 
billions of years, are undergone in a few days, or weeks, or months. 
Such changes have been abundantly chronicled from the earliest 
times, and acknowledged to be among the most mysterious pheno- 
mena presented to us in the skies. 

In this historical survey we must first consider the case of 
Mira or o Oetl It is now nearly three centuries ago since 
Pabricius noticed this star (August 1596), thinking it to be a nova, 
and watched its disappearance in the following October.^ 

Not only Pabricius but Kepler looked upon Mira Ceti as a 
new star similiar to those of 1672 and 1604. Indeed, it was 
regarded as such until 1638, when some observations by Phocy- 
lides Holwarda brought out for the first time the fact that the 
changes in magnitude repeated themselves. The work done by 
this astronomer is quoted by Hevelius, from whose complete 
1 Kepler, de Stella Mm, chap, xxii. p. 112. 
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Mstory of Mira Ceti^ the particulars given in the note have been 
taken.^ 

Holwarda first observed the star in December 1638, •vfhen it 
was brighter than a third magnitude ; he watched it to 

the fourth, and disappear during the summer of 1639. On 
December of the same year he again observed it. There is no 
doubt, indeed, that Holwarda was the first to demonstrate by these 
observations that the light of stars is liable to periodic changes in 
intensity. 

Fnllenius, a teacher of mathematics at Franecker, was the 
next to observe Mira.^ He noted tlmt the star was visible 
on September 23, 1641, and on the same date in the follow- 
ing year. In August 1644, however, no trace of it could be 
made out. 

Junq^uis, a professor at Hamburg, recorded* that Mira was of 
the third magnitude on February 18, 1647, and was invisible horn 
July 1048 to Hovember of the same year. 

It was Hovelins, however, who made the first detailed in- 


^ l/htfiriola Mine flirlUft Ortirmi, 1064, p. 347. 

^ **Douiqiid xnA^ltmlo orat tarn imdifl ocniliH, quani p»r toloscoplum, qiuB 
HtclloH tortil fu1j^ri» oxcodornt, qiialos iu oro ct gona Ccti, nt ot nodiu IMBcium 
Hunt, vorum sunmiHlitcr ({UCKj[no minor erat stiOliB Huonmln) mAgnitiulinis, mandibala 
niuilrum, ati|ao luolda in capito Ariotia. Interim decreaceliat paulatim, atque 
INjdetoutiui, Ufltpxe duni in cuu^nHu mio Holimso luqnarotnr quart! oircitor honoris et 
magnitudlnia BtollSti. . . . Koh novo inti a nobin oliHervato phicnomeno dlsparitionem 
otlMcrliwiHw* . . . Kt revora nic ho ros Imbet. Media icetatc, aliiiuoties sumino mane 
Hurroximuii, pOB^uom illud iiHmm Holiaco orium aliaa ihiasot ; ccelam diligentis- 
ainte iuteiiUN ocuIih luHtravimiw, vidimus Noduin, Ok, Uenam, Mandibulam Cete, 
alfawiue vicinas cireumcirca stollart, nullum tamon novm Rtollfu tuno vestigium 
obsorvaii potult Noque ego uniciw obnorvator fui, plures nmeum testes Idonel : 
quin ot clariwiimas vir Demardns Kulloniua, Mathosoos Professor, phasnomenon 
multotioR inquidvit Frustri omnia. Cortnm indicium illud (tuaid dii^ruiase. At 
die 7 Kovembris anni jam labontis 3689 Juliani, post oontiiiiia aliquot dierutn, imo 
septimannrum apud nos uubila, vesperi Cwlo tandem aliqnando claro, forte egressas 
illud observavi, atque etiamnum cuivis observare liberum relinqultur, eodem pr«»dae 
looo, eodem situ quo ante.’* 

’ IbitL p. 148—** Observavi aliquot abhino aunorum in cmlo pheenomenon, instar 
•tellie iertim ut plurimum roagnitndinia ; quae secundum anni tempora autem non 
tantum suam ntagnitudlnem xnutavit, sed etiam quandoque per dies, imo mensie 
delituit, ut et hoc anno, ubl ad hunc uiquo diem nondum apparuit, quod et ennii 
retro duobua evenlt, ubl ante 86 Septombris illam videre non licuit*’ 

^2bUL 
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vestigation into the variations of the light of this star. Beginning 
in January 1648 he assiduously watched the changes in magni- 
tude until March 1662, and placed the question of variability beyond 
the possibility of doubt.^ 

During the fifteen years of observation Hevelius saw the star 
go though its changes in magnitude many times, and noted that it 
was always invisible for several months in the year. He did not, 
however, determine the period, although it will be seen that the 
following observations would have been sufficient for him to have 
deduced an approximate value : — 

Sept. 10, 1660 — Instar steUae 4 magn. fere,” 

Aug, 20, 1661 — '‘Vix quartee magnitudinis extitit.” 

Interval, 344 days. 

Sept 20, 1660 — “^qualis iBL in ore Oeti.” 

Aug. 29, 1661 — “iEqualis iUi in ore CetL” 

Interval, 353 days. 


^ “HfiBC sunt, benigne lector, mirse hujus stellsB observationes, quascunque 
impetrare bujusque potuimus. Quibus diligenter perpensis, manifestissime 
liquebit, insolitum prorsus, et admirandum esse pbcenomenum ; quod certo tempore, 
in summo »tbere penitus latet, certo tempore rursus affulget, successive crescit ; 
vioissim sensim decrescit; denique evanescit et quasi penitus exstinguitur, ita 
tamen ut rursus quasi resurgat, atque accendatur. Adbsec, dum splendet, non eadem 
semper facie, hoe est magnitudine, lumine et colore micat, sed omnino, radiis dispa- 
ribus ; modo lumine hebetiori, et subruflEb colors, modo colore albicante et clarissimis 
radiis undique vibrantibus coruscat ; diversaque magnitudine, nunc sextee, quintee, 
quartse ; nunc tertise et secundse gaudet. De coetero, nec eodem semper anni tempore 
disparet, nec denuo eluoescit neque eaadem perpetuo servat vicissitudines ; sed modo 
mense Julio, ut hoc anno factum est 1661, modo primum''mense Septembri, ut anno 
1641 et 42 et 1660 aocidit ; modo tardius ut 1648 oontigit, pnmum in conspectum 
venit. 

In disparitione etiam Stella hsecce varia est ; nunc dtius, nunc tardius sese 
abscondit. Ssepius siquidem ad occasum usque heliacum decrescendo perdurat, ut 
anno 1688, 1648, et 1669 ; non raro etiam maturius ; mense Januario imo Novembri 
extinguitur, velut anno prseterito 1660, et hoc anno 1661 dare obaervatum est. 
Quinetiam, quod probe notandum, nonnunquam uno eodemque anno bis evanesdt ; 
quemadmodum pariter hoc currente anno 1661 contigit. Namque sub finem Januarii 
prima vice, antequam ad occasum heliacum pervenisset, deleta fest ; rursus mense 
Juho accensa et mense Novembri, hseo dum scribo, secunda vice sese subducit. Sic 
ut ex superioribus observationibus certissxme constet, miram hauo stellam, nunc 
diutius, nunc brevius nobis afiEuIgere, aut delitesoere : interdum per septem menses, 
interdum, ut boo anno labente factum, vix quinque mensium spatio abfuit. Pariter 
hoc anno tantum per quatuor menses in cqdo sese exbibuit, cum tamem alio tempore 
sex, septemve menses, ut diximus, continenter perdurasset,” — Ibid. p. 166. 
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The determination of the period of Mira Ceti was deduced 
by Bouillaud in 1667 from all the observations which had 
been made from its discovery in 1638 to 1660. This dis- 
cussion occurs in a rare book having the title “Ismaelis 
BuUialdi ad Astronomos monita duo : Primum. de Stdla Nova, 
in Oollo Ceti ante annos aliquot visa est. Alteram, de 
nebulosa in Andromedsc cinguli parte Borea» ante biennium 
iterum orta.” 

A review of the book appeared in the first volume of the 
PhilmpMeal Trwivsaetwna (p. 381), from which the following 
account t)f Bouillaud’s conclusions have been taken: . . .“That 
one pmorl from the greoM phem to the next consists of 333 
days ; but that the interval of time betwixt the times of its be- 
ginning to appear equal to stars of tho tSMh macpntiuk, and of its 
ending to do so consists of about 120 days ; and that its greatest 
»iypmmim lusts about 13 days: all which yet he would have 
uudorstowl with some latitude. 

“ This dune, ho proceeds to tlic investigation of tho causes of the 
vicissitudes in tho einemou and disajtpearance of this star, and 
having deteriuined that tho appiu'cnt increase and decrement of 
every lucid lH)dy proceeds t'Wwr from its changed distance from the 
eye of the obaevvor, ft’om its various site and position in respect 
of him, whereby the angle of vision is changed, or from the increase 
or diminution of the bulk of the lucid body itself ; and Imving also 
domoustmted it inqum-slble that tills star should move in a circle or 
ill an ellipitis, and proved it inqirobahlo that it should move in a 
strait Um, ho concludes tliat there can ho no other genuine, or at 
least no other more probable oauso of tho emersion and occnltation 
than this : Tliat tho hi^r part of that round body is obscure and 
inconspicuous to us, and its lessor part lucid, the whole body tam- 
ing about its own center and one axe, whereby for one determinate 
s{»oo of time it exhibits its lucid part to the Earth, for another, 
subducts it, it not being likely tliat fires should be kindled in the 
body of that star, and that the matter tliereof should at certain 
times take fire and shine, at other times be extinguist upon the 
consumption of that matter.” . . . 
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This, so far as I know, is the first proposed explanation of stellar 
variability on record. 

The next star in which variability of light was observed was 
X CygnL^ Kirch’s observations naade in 1686 and subsequent 
years ^ were communicated to the Eoyal Society. He observed 
the star with the aid of an eight-foot tube in August 1687. It 
became visible to the naked eye in October, increased in brightness 
and reached a maximum in November, and finally disappeared. 
Thii^ observer also found that the star had always the same bright- 
ness at a maximum, and in assigning it a period of 404J days, he 
noted that this duration was irregular. 

These observations bring us to the time of Newton, who at 
once saw that the cause of true Novse must be distinct from 

^ Phil Tram., 1716, Ko. 843, p. 227. 

® “ Ut mutabilem apparentiam stellfis x collo Cygni deprehenderem, occasionem 
dedit Stella capiti Cygni vieina quam Hevelius, Astronomus solertissmitis, anno 
1670 et /71 obaervavit. Cum enim spem conciperem fore ut eadem stella nunc itemm 
ssepius esset apparitura, non secus ao stella in collo Ceti, qiiam Hevelio post primam 
dispantionem mox itemm apparaxase constabat, quaerebam earn 1® et 6*® (11® et 16®) 
Julii 1686 noctibua serenis, non autem repenebam, * sed potius animadvertebam 
stellam illam 6^ magnitudinis in collo Cygni, a Bayero grseca litera x signatam 
desiderari Die vero 9 (19) Octobris deprebendi earn nudis octdis distinete omnino. 
Dt quia facile adducebar ut ezistimarem eandem nudis nostris oculis iterum dispari- 
turam, delineavi aliquot ipsam circumstantes stellulas, ope bipedalis magnaeque 
capacitatis Tubi, ut ex harum cum ilia comparatione magnitudinem ejus, cum 
decrescexet, expenderem, uti Fig. A exhibetur. . . . Ab illo tempore quserebam quidem 
stellam istam variis noctibus firustra, tandem vero tamen earn reperi 6^ (16®) Aug. 
1687 iterum ope octopedalis Tubi, at vero exiguam valde. 

Inde de die in diem crevisse deprehendebatnr ; et factum est, ut die 28 Oct. 
(2 Nov.) iterum prima vice, nudo oculo, se se conspiciendam pmbereti valde licet 
adhuo dam exiguam. Die 2*^ (12®) Nov. optime erat conspicua, etiam post 
Nov. (6 Dec.) ut ut boo ultimo die jam itemm in statu decrescendx existeret. Post- 
modum non nisi perTubos dignosci potuit, tandemque adeo exigua evasit, ut iterum 
Tubo 8 pedum earn deprebendere non potuerim. Atque ita animadversum est bao 
vice ab una disparitione usque ad alteram, annum unum, mensem unum, unamque 
bebdomadam circiter effluxisse. Sequentes quoque observationes docuemnt bancce 
stellam tempos satis constans in sua apparitione servare, non tamen quavis vice ad 
sequalem magmtudinem pervenire. Imo aliquando accidit, ut nudo oculo plane 
invisibilis maneat, dum per tubum est conspicua, et maximam suom magnitu^nem 
assecuta est ; prout anno 1688 in fine, et 1689 in principle anni accidit, E con- 
trario, sequente anno 1690, stella bsec eo melius videri poterat et quidem notabiliter 
major quam sua vieina, quam Bayerus juxta x coUocavit extra collum Cygni, 
nuUaque litera notavit, quam ego solius memorise juvandse gratia, Hebiaica litera 
notavl Et postquam bujus stellae apparentiam et disparentiam ssepius observavi, 
comperi earn valde esse regularem, revolutionemque 404^ diemm servare.” 
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that producing variahility pure and simple. He ascribed the 
sudden appearance of new stars as possibly due to the appulse of 
comets. 

Sic edam stellcQ fixoB, qusa paulatim eiqpirant in lucem et vapores, 
comotis in ipsos incidentibus refici possunt, et novo aUmento accensa pro ateUis 
novis habm, Hujus generis sunt stellse fixae, quae subito apparent, et sub 
initio quam maxime splendent, et subinde paulatim evonescunt Tails fait 
Stella in cathedra CassiopeiiB quam Cornelius Gemma octavo Novembris 1572 
lustrando illain cceli partem nocte screna minime vidit ; at nocte proxima 
(Novem. 9) vidit fisis omnibus splcndidiorem, et luce sua vix cedentem 
Veneri. Hanc Tycho Brahmus vidit undecimo ejusdem mensis ubi maxims 
splenduit; et ex eo tempore paulatim decrescontem et spado mensium sex- 
doeixu evanescentem obsemvit.^ 

But with regard to the ordinary variables, he accepts Bouillaud’s 
suggestion, and adds another — 

Sed iixse, qtim iHir vices apparent et cvoncscunt, quaxpio paulatim cres- 
cunt) et luce sua iixas tertim magnitudinis vix unquani superanty videntur 
esse generis altcirius, et revolvcndo partem’ lucidum ct partem obacuram per 
vices osdmdere. V’tqM’ireN auteni, qni ex sole et stcllis Axis et caudis 
coxuetiu'uiu oriuntur, incidere poasunt per gravitatem suam in atmospbrnras 
planetax'um (*t Ibi condcusari ut convert! ixi aquam et spiritus humidos, et 
subinde per lentiuii calorum iu sales et sulphura ct tincturas et Hmuxn et 
Itttuiii et nrgillam ct orenam et lapides et coralla et substandos alias terrestres 
paulatim migrant 

Both Montanan in 1669 and Maraldi in 1692 observed that 
the magnitude of j8 Persoi or Algol was variable. 

LI qtioquo testatur 1). Montarori siellaxn Incidiorem Medusm, diversifi 
anuis, vurim esse magnitudinis: nuUanx pene in ca mutadonem potuit 
advertore D. Maraldi annis 1692 et 1693, nod anno 1694 aucta est et 
imminuta insignitur, modo quart!, modo tertix, modo secundi, ordinis Stella 
apparuit.* 

This information with respect to changes of the star from the 
second to the fourth magnitude, though important^ is not vary 
definite, and it was left to Qoodricke, an English astronomer, to 
discover, in 1782, the periodicity of these variations and to eem-^ 

^ Principia, p« 626, Glasgow, 1871. 

* Eagico ScM/ktrum JlcadmicB, liber iv. sect vi. oaput viii p. 362. 
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elude ^ — (1) '"That the star changes from about the second to the 
fourth magnitude in nearly three hours and a half and then back to 
the second magnitude again in the same time. (2) That this variation 
occurs about every two days and twenty-one hours.” Flamsteed 
observed the star in 1696, and found it to be of the third magni- 
tude, and Goodricke, by comparing it with one of his own, deduced 
the more accurate value of 2 days, 20 hours, 48 minutes, 56 seconds. 
At the end of the observations Goodricke added the note — “ I should 
imagine that the cause of this variation could hardly be accounted 
for otherwise than either by the interposition of a large body revolv- 
ing round Algol, or some kind of motion of its own whereby part 
of its body covered with spots or such-like matter is periodically 
turned towards the earth.” 

Another variable observed by Goodricke was ^ Lyrse.^ His 
first observations brought him to the conclusion that the star had a 
periodical variation of nearly six days and nine hours, but a further 
investigation showed that the true period was twelve days nineteen 
hours, there being two maxima and minima. At one min i mum 
the magnitude of the star is between four and five, at the other 
between three and four.^ 

ZoUner, in a relatively recent discussion, advances little beyond 
the views advocated by Bouillaud and Newton.^ In considering the 

1 PhU. Trems.^ 1783, p. 474. » Ibid, 1785, p. 153. 

3 Arago in his Astronomy and Sir 1. Herschel in his Outlines, and also many 
writers following them, give the honour of discovering that p Lywe had two maxima 
to Argelander; hut the words of the English astronomer Goodricke are explicit,^ 
his conclusions being summed up as follows : — 

(1) The star is of the third magnitude for about two days. 

(2) It diminishes in about one day and a quarter. 

(3) It is between the fifth and fourth magnitude for less than a day. 

(4) It increases in about two days. 

(5) It l3 of the third magnitude for about three days. 

(6) It diminishes in about one day. 

(7) It is something larger than a star of the fourth magnitude for little less than 
a day. 

(8) It increases in about one day and three-quarters to the first point, and 
so completes a whole period. 

* The views advanced by Sir Wm. Herschel and Maupeituis were really covered 
by BouiUaud’s general statement. Herschel laid stress upon the variability of lustre ^ 
which might be produced by the exisrfcence of spots on the stars similar to those on * 


1 PhU, Trans,, 1786, p. 164. 

2 H 
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causes of vaiiaLility, he lays the greatest stress upon an advanced 
stage of cooling, and the consequent formation of sooriee which 
float about on the molten mass. Those formed at the poles are 
driven towards the equator by the centrifugal inertia, and by 
the increasing rapidity of rotation they are compelled to deviate 
from their course. These facts, and the meeting which takes place 
between the molten matter flowing in an opposite direction, in- 
fluence the fonn and position of the cold non-luminous matter, and 
hence vary the rotational effects, and therefore the luminous or 
non-luminous appearance of the body to distant observers. This 
general theory, however, does not exclude other causes, such as, 
for iirstance, tlie sudden illumination of a star by the heat produced 
by collision of two dark bodies, variability produced by the revolu- 
tion of a dark body, or by the passage of the light through 
nebulous light-absorbing masses. 

Among modern inquirers Professor Pickering has been more 
origiiral in his liypotliesis, though it is not very different from that 
of Maupcitnis. He has suggested that tire light changes of some 
variables may bo explained by supposing tlrem to have axes of 
different lengths with dark portions at the ends symmetrically 
situated os rcgaitls the larger axis. 

In the following discussion of the cause of variability suggested 
by tire motooritic hypothesis, I shall divide variability into x^lar 
and irregular, deflning regularity by constantly recurring maxima 
and minima on the Hght curves. 

the Ruu. MsnpertuJM coiundlaretl aomo of the atsra which varieil their light as hevlng 
the form of thin, flat <liaeiik tho oxie of rotation being eubject to a kind of nutation. 
Dubu’s view [Phil. Tram,, vol. lii.) of on unequally traneparent atmoephere it more 
original. 



CHAPTER XLII 


am CAUSES OE variability suggested by the METEOEinO 
HYPOTHESIS 

Begidar VariaMliiy. 

At.t. regular variability in the light of cosmical bodies is caused 
by the revolution of one swarm or body round another (or their 
common centre of gravity). 

In the case of the revolution of one swarm round another an 
elliptic orbit is assumed, and the increase of the light at mctayi/m/um 
is produced by collisions among the meteorites at periastron. 

In the case of the revolution of a swarm round a condensed 
body, the increase of the light at m/mmim is produced by the 
tidal action set up in the secondary swarm. 

In the case of one condensed body revolving round another, the 
reduction of the light at Tnrnmwm, is caused by an eclipse of one 
body by the other. This can only happen when the plane of revolu- 
tion of the secondary body passes very nearly through the earth. 

IrregvXa/r Variability. 

All irregular variability in the light of cosmical bodies is 
caused (a) by the revolution of more than one swarm or body 
round another (or their common centre of gravity) ; or (V) by the 
interpenetration of meteoritic sheets or streams. 
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lu the case of the revolution of more than one swarm round 
another in elliptic orbits, the irregular maxima are caused by 
differences of period and periastric conditions. 

So far as I know, the only previous explanation of variability 
on such a basis as the one above stated, which assigns the revolu- 
tion of one mass round another as a cause of variability, is the one 
we owe to Newton, who suggested that such stellar variability as 
we are now considering was due to conflagrations brought about at 
the maximum by the appnlse of comets ; and no doubt his idea 
would have been more thoroughly considered than it has been 
hitherto, if for a moment the true nature of the special class of 
bodies we are now dealing with had been m ioidenee. We know 
that some of them at their minimum put on a special appearance 
of their own in that haziness to which 1 have before referred as 
having been observed by Mr. Hind. My researches show that 
they are all nebulae in a farther stage of condensation ; and such a 
disturbance as the one 1 have suggested would bo certain to be 
competent to increase the luminous radiations of such a congeries 
to the extent indicated. 

S(»ino writers have objected to Newton’s hypothesis on the 
ground that such a conflagraMon as he pictured could not occur 
lieriodically ; but this objection I imagine chiefly depended upon 
the idea that tho eonflagiation brought about by one impact of 
this hind would be quite sufficient to destroy one or both bodies, 
and thus put on end to any possilnlities of rhythmically recurrent 
action. It was understood that the body conflagrated was solid 
like our earth. However valid this objection might be as urged 
against Newton’s view, it cannot apply to mine, because in su(fli a 
Bwanu as I have suggested, an increase of light to the extent 
required might easily be produced by the incandescence of a few 
hundred tons of meteoritea 

1 have already referred to the fact that the initial species of 
the stars we are now considering have spectra almost oometsiy, 
and this leads us naturally to the view that we may have among 
them in some cases swarms with double nuclei— incipient doulfl* 
stars, a smaller swarm revolving round the larger condensattoa, dr 
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rather both round their common centre of gravity. In such a 
condition of things as this, it is obvious that, as before stated, in 
the swarms having a mean condensation this action is the more 
likely to take place, for the reason that at first the meteorites are 
too sparse for many collisions to occur, and that, finally, the 
outliers of the major swann are drawn within the orbit of the 
smaller one, so that it passes clear. The tables, which will be 
subsequently given, show that this view is entirely consistent with 
the facts observed, for the greater number of instances of variability 
occur in the case of those stara in which, on other grounds, mean 
spacing seems probable. 

I propose in this chapter to consider the suggested cause of 
variability somewhat in detail, but only that part of it which 
touches non- condensed swarms. I will begin with Groups I. 
and II. 

In these groups the variabiliiy is produced by the revolu- 
tion of one or more smaller swarms round the central swarm, the 
maximum luminosity occurriog at periastron passages, when the 
revolving swarms are most involved in the central one. 

According to the theory, the normal light condition is that which 
exists at minimum , and in this respect it resembles that suggested 
by Newton, namely, that the increase of luminosity at maximum 
was caused by the appulse of comets. All other theories take the 
maximum as the normal condition, and the -miTn'miTm as a reduction 
of the light by some cause, large proportion of spotted surface, or 
what not. 

Anything which in the normal minimum condition of light- 
equilibrium win increase the amount of incandescent gas and 
vapour in the interspaces will bring about the appearance of the 
hydrogen lines and carbon flutings as bright ones. The thing 
above all things most capable of doing this in a very transcen- 
dental fhsMon is the invasion of one part of the swarm by another 
one moving with a high velocity. This is exactly what I postul- 
ate. The wonderful thing under these circumstances then would 
be that bright hydrogen and carbon should not become more 
luminous, not only in bright-line stars, but in those the spectrum 
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of which consists of mixed flutings, bright carbon representing the 
radiation. 

We may consider three cases of revolution. Taking that first 
in order which will give us the greatest light range, we find that 
this obviously will occur in those systems in which the orbits are 
most elliptic and the periastric distances least. 



Pia. 85.«-KxfLAjMATif>N OF TBJB VAKiAfiiUTY OF BoDiiM OF Oroumi h ANO IL (!•) Varia- 

tion, The fdlliHM ropivaaota tha ortilt of the miuUler awamii which revolves roond larger. 
The orbit of the tvvolviiig swarm Is very elliptioali so that at iwriastrott the nnmber of ooUisiODa 
la etioriROttsly Inoroaiied, 

On the other hand, a mean ellipticity will give us a mean range. 

In these two oases, in order to account for the greatest difference 
in luminosity at periastron passage, we have supposed the minor 
swarm to be only involved in the larger one during a part of its 
revolution, but we can easily conceive a condition of things in 
which its orbit is so nearly circular that it is almost entarely 
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involved in the larger swaim Tinder these conditions, collisions 
would occur in every part of the orhit, and they would only he 
more numerous at periastron in the more condensed central part 
of the swarm, and it is to this that I ascribe the origin of the 
phenomena in those systems — small in number — in which the 



Pio. 86.— Explanation op the Variability op Bodies op Groups L and II. (2.) Medium variation. 
In this case there will be a greater number of collisions at penastron than at other parts of the 
orbit The variation in the light, however, will not be very great under the conditioiis repre- 
sented, as the revolving swarm never gets very near the middle of the central one. 

variation of light is very far below the normal range, one or two 
magnitudes instead of six or seven. 

Now it is at once obvious that we should get more variability 
in these early groups than in any of the more condensed ones, for 
the reason that in the latter we require the conditions either that 
the plane of revolution should pass through the earth, or that the 
light of the central star shall be relatively dim. 
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This point is best studied in relation to Group IL 
The total number of stars included in Argelander’s Catalogue, 
which deals generally with stars down to the ninth magnitude, but 
in which, however, are many stars between the ninth and tenth, 
is 324,118. The most complete catalogue of variables (without 



Pia. S7.*«'!BxM<AifAitoK or tus VARiAtiiMry or ISopirh or ORouri I* akd 11. <8.) Minimum nrlA- 
tion. Umior tlis oonditionii thcmn, tlte iimiUlDr JiwArm will never be aiitireiy out of tbe lusw 
nnai «ittl tt poriMitmn the number of oollieione will not bn very greatly Inoreu^ Ooniequeatlyi 
the variation lu the amount of light given nut will be aniall. 

distinction) that we have has been compiled by Mr. Gore, and 
published in the Proceeiliv^s of the Boyal MtSi Aeaiefity (Series II., 
vol. iv., No. 2, July 1884, pp. 160-163). I find 191 known vari- 
ables are given ; of these 111 are in the northern hemisphere and 
80 in the southern hemisphere. 

In the catalogue of euepeded variable stars given in No. 3 of 
the same volume (January 1886, pp. 271-310), I find 736 stars, M 
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whicli 381 are in the northern and 355 in the southern hemisphere. 
Taking, then, those in the northern hemisphere, both known and 
suspected, we have the number 492. We have then as a rough 
estimate for the northern heavens one variable to 659 stars taken 
generally. 

The number of objects of Group II. observed by Dun4r, and 
recorded in his admirable memoir, is 297 ; of these forty-four are 
variable. So that here we pass from 1 in 657 to 1 in 7. Of the 
great development of variability conditions in this group there 
can be, therefore, no question. 

Further, while by the hypothesis there is no limit to the in- 
crease of luminosity, the variability presented by these objects is 
remarkable for its great range. The light may be stated in the 
most general terms to vary about six magnitudes — ^from the sixth 
to the twelfth. This, I think, is a fair average; sometimes a 
difference of eight magnitudes has been observed; the small 
number of oases with a smaller variation I shall refer to after- 
wards. A variation of six magnitudes means roughly that the 
variable at its maximum is somewhere about 250 times brighter 
than at its minimum ; a variation of eight magnitudes means that 
it is 1600 times ^ brighter at maximum than minimum. 

These values alone would indicate a condition of things in which 
the minimum represents the constant condition, and the maximum, 
one imposed by some cause which produces an excess of light 
These various conditions having been premised in conridering 
these groups, I will first deal with the nebulae. 

That many of the nebuke are variable is weU known, though, 
so far as I am aware, there are no complete records of the spectro- 
scopic result of the variability. But bearing in mind that in some 
of these bodies we have the olivine line almost by itself, and in 

^ These raluea are obtained by the formula =(2*512)”. Li»+n* 

For differences of 6, 6, 7, and 8 mag we get 

Xi„^= 100*02 . Iini4^ 

= 261 * 24 . 1^8 
= 631*11 . L»i+f 
=1585 85 *L,^ 

Ln»=:light of a star of magnitude w. 

„ n Tunagnitudea fainter. 



482 


THE METEOEITia HYPOTHESIS 


part vin 


others, which axe Tisually brighter, we have the lines of hydrogen 
intensified, and in others more condensed still the flutinga of 
carbon added, it does not seem unreasonable to suppose that any 
increase of temperature brought about by the increased number 
of collisions should increase the intensity of the lines of hydrogen 
or carbon in the spectrum of a nebula. 

The observations already accumulated show conclusively that 
in the nebula: — even those so far condensed as the one in Andio* 
meda — ^the temperature is low ; in other words, the meteorites are 
very far apart ; regular variability, therefore, would for this reason 
be very difficult to detect. It is probable, therefore, that in all 
the cases previously recorded, we ore not dealing with the results 
of rhythmic action, but tlte interpenetration of nebulous streams or 
sheets. 

When, however, we come to the stars— that is, the more con- 
densed nebultu— in Group 1., the temperature is higher, the con- 
densation is greater, and the intemotion of doable or multiple 
nebulin can be more easily traced. 

The fundamental diQbronce of structure between these bodies 
and stars like tlio sun should Im revealed in the phenomena of 
variability; that is to say, the variability of the uncondensed swarms 
should be diiTeront in kind as well as in degree from that observed 
in bodies like the sun or a lyrte, taken as representing highly 
condensed types. 

Since the stars with bright lines, as I have shown, belong to the 
former group, and since, therefor^ they are very akin to nebula, we 
might, reasoning by analogy, suppose that any marked variability 
in their case also would be accompanied by the coming out of the 
bright hydrogen lines. This is really exactly what happens both 
in 0 Lyrm and In y Cassiopeioe. In 0 Lym the appearance of the 
lines of hydrogen has a }>eriod of between six and seven days, and 
in y Cassiopeire they appear from time to time, although the period 
has not yet been determined. 

I append the light curve of Lyrte. It has a secondary 
minimum. At maximum it readies 3 J mag. In three and a half 
days it descends to mag. ; it will bo notice that Ihe difference 
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is small In six days it regains its original brilliancy. It 
descends to its true minimum, 5| mag., and finally ends the 
sequence by regaining its maximum. It has already been stated 
that the double oscillation is gone through in thirteen days. 

Another star of Group I., t) Argus, is also remarkable from the 
fact that its light varies in the same sort of way. 

This star is in the southern hemisphere, £ind during the last 



Flo, SS.^Lioht Ototb of /3 Jjybjb. 


twenty or thirty years a considerable discussion has been going 
on among astronomers as to whether the surrounding nebula is or 
is not changing its position with regard to the star in question, 
which has a bright-line spectrum like /8 Lyrse, and a period not of 
thirteen days, but of seventy years. The light varies from the 
sixth to the first magnitude. 

Leaving Group I. and coming to Group 11. there is one 
star, Mira Oeti, whose variations in light intensity may be 
taken as characteristic. The history of the discovery of this, 
star’s variability has already been given, and from the light 
curve it will be seen that what happens to it in just a 
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little less tlian a year is this. Piist, it is of the second magni- 
tude, and then in about eighty days it descends to the tenth, and, 
so £)X as observations urith ordinary instruments go, it is invisible. 
In about another hundred days it again becomes visible as a star 
of the tenth magnitude. It then increases its light to the second 
magnitude, and begins the story over again. But sometimes at 
the maximum its brilliancy is not quite constant. That is to 
say, sometimes it goes nearer the first magnitude than the 
second. What happens to the light of the star below the 
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tentlt magnitude it is impossible to say. Whether it follows 
more nearly either of the dotted curves in the diagram is not 
known. Below the tenth mt^itude no observations have been 
made, because it is very difficult to observe a star under those 
conditions. What one knows is that it remains invisible for 
about 140 days or sometliing like tihat, and then it begins its cycle 
over again. 

I owe to the kindness of Mr. Knott the opportunity of studying 
several light curves of “stars" of this group, and they seem to 
entirdy jusidijy the explanaidon which I have put forward. It is 
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necessary, however, that the curves should be somewhat carefully 
considered, because in some cases the period of the minimum is 
extremely small, as if the secondary body scarcely left the atmo- 
sphere of the primary one but was always at work. But when we 
come to examine the shape of the curves more carefully, what we 
find is that the rise to maximum is extremely rapid ; in the case 
of IT Geminorum, for instance, there is a rise of five magnitudes in 
a day and a half ; whereas the fall to minimum is relatively slow. 
The possible explanation of this is that the rise of the curve gives 
us the first sudden luminosity due to the collisions of the swarms, 
while the descent indicates to us the gradual toning down of the 
disturbance. If it be considered fair to make the descending curve 
from the maximum exactly symmetrical with the ascending one 
on the assumption that the immediate effect produced is absolutely 
instantaneous, then we find in all cases that I have so far 
studied that the star would continue for a considerable time at its 
minimum. 

Broadly speaking, then, we may say that the variables in this 
group are close doubles, the invisibility of the companion being due 
to its nearness to the primary or to its faintness. 

We now pass from Groups L and 11. to III., IV., and V. These 
contain the hottest, and therefore brightest, bodies in the heavens. 
They are, moreover, more condensed than those we have considered. 
On this ground, their normal light cannot be increased to any 
very great extent by any constantly recurring action, but it may be 
reduced by eclipses caused by the revolution of still further con- 
densed secondary swarms. The nearer the primary, and therefore 
the smaller the period of the secondary body, the more likely is the 
eclipse to occur regularly* There are several stars of this class, 
notably Algol, to the first observations of which we have already 
referred. 

This body, which is always visible in our latitudes, well illus- 
trates this class of variable. If we take the beginning of a cycle, it 
is a star of the second magnitude; suddenly in three hours it goes 
down to the fourth, and then it comes up in another three hours 
to the second, and goes on again for vexymearly three days ; and 
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then it goes down again, comes up again, and goes on agnin for 
another three days, and so on. The diagram shows the exact 
shape of the light curve as it has been determined by Professor 
Pickering, dividing the light into a thousand parts. 

There is another star very like this — a star which is in 81“ 
N. declinatiou. No. 25 in Argelander’s Catalogue. The difference 
between Algol and this is that the rise and fall axe a little more 
rapid. Its light is feoble for about the same time as Algol, but 
the light curve is flat at the bottom, by which I mean that, instead 
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ot going suddenly down and coming suddenly up again, it stops at 
its least luminosity for some little tima 

Professor Pickming’^ has demonstrated by phot<^phs of the 
spectra of Algol that Qoodricke’s explanation of its periodical 
variability is correct. Let this diagram rejaesent in section and plan 
a large star A giving out light, end B, 0, D, B, F different positions of 
a dark body revolving in an orbit round the central star. If we take a 
section, ao that the star and ite satellite axe represented as they really 
are in the plane which joins the earth and the star, we see thaji in one 
^ Awe. Amor. Asad, Sei., vol. xvi. 17. 
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part of the revolution of the dark body it eclipses the light body. 
A further investigation of those conditions in the case of the 
second star has shovm that there must be a total ecLLpse, and 
therefore Professor Pickering draws the conclusion that in the 
former case the light of the body which revolves round the central 
one may be considered as nil — that is to say, that it is a dark 



A 



body; but that in the case of the star D. 81° N. 26 there must 
be luminosity from the star which eclipses the other. And a very 
beautiful justification of this view has recently been noted, because, 
a.H:hn n gh there is no change in the spectrum of Al^l, there is a 
considerable change in the spectrum of the star, the light curve of 
which is flat at bottom, showing that probably the companion has 
an absorbing action of some kind on the light of the central star 
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passing through it or its surroundings. The light practically 
changes very much as our sunlight would change if it had to pass 
through the atmosphere of another sun somewhat like itself coming 
between us. 

In Group VI. we again have a new condition. In these stars 
the light is relatively faint, and the variation would seem to he 
due to swarms of meteorites moving round a dim or nearly dark 
body, the maximum light occiming at periastron, when the tidal 
action in the swarm is greatest ; in consequence of this dimness 
the addition of the light of what we, with our solar conditions, 
should term a large comet, would make a great difference in the 
total radiation. We must expect considerable similarity between 
the variability phenomena of Groups IT. and VI : this subject 
will be discussed when the details of Group IT. have been further 
considered. 
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THE CONDITIONS OE VAEIABILITT IN GEOXTP II 

It is not within the scope of the present inquiry to discuss at any 
length the phenomena of variahility in stars of the Algol ftlagg 
where we deal with eclipse effects merely, but it is imperative that. 
the cases presented by Groups L, II, and VL, where, according to 
the hypothesis, the increased luminosity is produced by subsidiary 
swarms, should be fuUy considered. 

So far my time has only permitted me to discuss with aE the 
requisite care and detail the variability conditions in Group II, 
These have been brought together not only to illustrate the physical 
conditions of the group, but in order to search for tests, and to see 
in what manner the hypothesis meets them, 

It will be remembered that the first test I employed was that 
the bodies in Group II. should be more visibly variable than the 
bodies in any other group. This was satisfied. 

The other tests were : (2) When the swarm is least condensed, 
we shall have the least results from collisions ; (3) when it is fairly 
condensed, the effect at periastron passage (if we take the simplest 
ease, where there is only a single revolving swarm) will be greatest 
of all 5 (4) in the most condensed swarms there will be little or no 
variability, because the outliers of the central swarm may be drawn 
entirely within the orbit of the secondary bodyj in which ease 
no collisions could happen. 

To apply these tests, I have made a special study of the observa- 
tions of each variable recorded by Dundr. I find they may be 
grouped in the following way : — 

2 I 
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Table of Yabiables. 

1. AU Bands Visible hui Ncmrow. 


Na in 
Dunor 
Cat. 

Name. 

Max. 

Min. 

Period. 


269 

fi Cepliei , . 

4? 

6? 

irreg. 



2, Bands Well Marked,, hat Feebler in Bed. 
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4 . All Banda MarTcedly Wide and Strong, 


No. in 
Dun4r 

Name. 


Min. 

Period. 


Cat. 





18 

0 Ceti . . . 

2—6 

8—9 

(331) 


20 

E Ceti . . . 

8 

<13? 

167 


29 

92 

p Persei . . . 

E Leonis . . 

3-4 

5 

4-2 

10 

irreg. 

313 

Many lines. 

141 

E Hydras . . 

4*5 

40? 

(437) 


158 

V Bootis . . 




166 

S Coronee . . 

6 

12 

361 


184 

g HercnJis . . 

5 

6 

irreg. 


196 

a Herculis . . 

3 

4 

irreg. 


217 

E Lyras . . . 

4-3 

4‘6 

46 


221 

E Aquilas . . 

6-7 

11 

345 


239 

X Oyg“i 

4 

13 

406 


293 

E Aquaiii . . 

6 

11 

388 



5 . Bands Wide Imt Pale. 


No. in 
Dun4r 
Cat. 

Name. 

Max. 

3 

T Oassiopeias . 

6*7 

125 

T Urs. Maj. . 

7 

127 

E Virginia . . 

6-7 

167 

E Camel . . 

8 

231 

E Oygni . . . 

6 

281 

fi Pegasi . , 

7 

... 

T Herculia . . 

7 

4 

E Androm. . . 

6*6 



6 . Banda Thm and Pale. 
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The above table shows most condusively that the greatest 
mimber of variables occurs among the swarms of mean condensation, 
which is indicated by the bands being wide and strong. Indeed, 
it will be seen that by far the greater number of variables in the 
group under discussion falls in species 9 and 10, which may fairly 
be taken to represent the mean condensation, there being in all 15 
spedos. There con, therefore, be no doubt that the three tests just 
referred to are fully satisfied. 

In what follows, I propose to further test the theory by the 
colour observations of Chandler, and by the question of iiregulaiity; 
confining myself to stars known to belong to Group II., of which 
Chandler gives the degree of redness. The stars sdected for dis- 
cussion are the Group 11. variableTuiMn Gore’s revised catalogue. 


The Bdatim of OoUmr to Period. 

Mr. Chandler has shown^ that there is an intimate connection 
Ijetween the length of period of a variable star and its colour. In 
general, the longer the ]^)eriod the redder the tint. If the period is 
iHitwcon 500 and COO days, the mean redness on his scale is about 
7*6 ; for ])eriods of about 300 days, it is about 3 ; and for shorter * 
Ijeriods it is 1 or 2, 

I have to show that this is a necessary consequence of the 
stolkr conditions suggested by my hypothesis. 

To do this, I begin by tabrtlatiug all the particulars of stars with 
periods varying from 60 to 500 days. Gore’s, Chandler's, and 
Dundt'a star numboi'S® are given as wdl as the star’s name. The 
magnitudes of the variable at maximum and minimum, and also 
the period, have been taken from Gore. 

The particulars relating to period and range of variability are 
taken ftora Gore, and Chandler’s colour-numbers are placed in a 
separate column. 

On Chandler’s colour scale 0 corresponds to pure whit^ 1 to 
white very slightly tinged with yellow, 2 and 8 to deeper yellow 

* Aitromtiieal JImotwZ, Koi. 179, 180. 

* Im boOet A Hftelm de la inMim Qlam (Stoekholm, 1884). 
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tinges, 4 to orange, 6, 6, 7, 8, and 9 to gradually deepening reds, 
and finally 10 corresponds to the deepest red stars known, such as 
E Leporis. 

The colour notation employed by Dun4r is as follows — 


Rnj 

Eg 

Rj 

Jr 

Jjr 


Almost absolute red. 
Red-yellow foucd. 
Red-yellow. 
Yellow-red. 

Clear yellow-red. 


In order to bring these data in relation to the various species, 
I give with each variable the number expressing the species to 
which it belongs. In some cases the details have not been suffi- 
cient to assign the star to a definite species, but have been enough 
to determine whether it was near the first (Species 1) or the last 
(Species 15). In such cases the words "early” or "late” are 
appended. Where the species of a star is doubtful, the word 
" indeterminate ” expresses that fact. 

In addition to the information given in the following tables, 
the reader is referred to Appendix A, in which are given the stars 
in Dundr’s important catalogue arranged in species. 
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Having these data, if the degree of condensation of a swam 
defined by the Species 1 to 15 has any relation to colour, the work 
of Chandler on the colours, taken in conjunction with the classifi- 
cation according to condensation, ought to enable us to determine 
the nature of such relation. 

We have, then, next to determine Chandler’s colour-numbers 
corresponding to each species. As a first step the following tables 
compare Dunor’s colours of the variable stars of the group with 
the colours assigned by Chandler to the same stars. 


Colour liny. 


No. (Duller). 

Colour (Chandler). 

9^ 

6*9 

IQii 

8*1 

Moan 7*5 

DuneYs (Johur = Rrj, 

No. (DuuiSr). 

Colour (Clmndlor). 

.37 

4*5 

91 

6*0 

221 

5*6 

3 

7 *.3 

4 

5*0 

141 

5*9 

181 

6*5 

231 

6*0 

239 

6*3 

269 

6*2 

Mean 6*9 

Colour 

No. (Dttndr). 

Colour (Chandler). 

196 

5*0 

238 

3*0 

165 

3*0 

266 

5*0 

128 

8*2 

158 

3*6 

186 

8*2 

0 

2*0 


Diin^s Colour = By,— Oomt. 


No. (Dun^r). 

Colour (Chandler). 

18 

6*9 

23 

3*2 

68 

4*1 

76 

6*3 

118 

3*7 

160 

4*9 

170 

3*7 

192 

5*0 

196 

4*5 

60 

6-0 

Mean 4*2 

Dun^$ Colour^ Jr. 

281 

2*0 

184 

3*0 

20 

2*4 

65 

3*0 

127 

1*3 

261 

2*0 

81 

2*1 

125 

2*0 

159 

2*7 

187 

2*0 

222 

3*6 

100 

1*6 

293 

4*3 

29 

2*0 

Mean 2*4 


DunA^t Colour m Jjr, 

None common to Ihin4r and Chandler. 
Mean colour, say, 0*7. 
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Two stars which Dtmdr gives as Brg occux in Chandlef s list, 
the colours being 6‘9 aud 8*1 respectively, or a mean of 7'5. 

Chandler’s colour-number corresponding to Dun4f s Snj has 
therefore been taken as 7*5. Similarly, there axe ten Bij stars 
in Dundr’s list for which the mean colour-number assigned by 
Chandler is 5*9, and so on. 

It will be seen that the increments for one colour stage of 
Dun4r are 1‘6, T7, and 1‘8 respectivdy, or a mean of 1‘7. Since 
there are none of Dun&r’s Jjr stars in Chandler’s list, we may use 
this increment to approximate to the colour ; this gives us the 
number 0‘7. We thus get — 


Dnndt’a dolour. 


End 

Eq 

Rj 

Jp 

Jjr 


Ohandlec’s Number. 
7-6 
6-9 
4*8 
8*4 
0*7 


Kext comes the second stage. Using these mean numbers, we 
may detencnine the mean colour-number associated with each of 
the fifteen species into which Group IL has been divided. The 
tables showing the results obtained are given in Appendix B. 

We finally get the following colour-numbers corresponding to 
the fifteen species : — 


Species. 

Mean Oolonr^Fiunber. 

1 ( 1 star) (?) 

4*2 

2(5 stars) 

3-1 

8(8 „ ) 

2*4 

4(8 „ ) 

1*8. 

6(8 „) 

2*86 

6 (24 „ ) 

2*9 

7 (16 „ ) 

3*6 

8 (S3 „ ) 

2*9 

9 (30 „ ) 

3*9 

10 (18 „ ) 

6*0 

11 (18 „ ) 

2*7 

IS (14 „ ) 

2*5 

18 (48 „ ) 

2-4 

14 (17 „ ) 

2*5 

16 a* „) 

2-7 
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The remaining stars observed by Dun4r are not included in the 
classification at present, owing to insufdcient details. 

The result of this comparison of Dun4r’s and Chandler's observ- 
ations, taken in conjunction with my classification in species of 
the bodies of Group IL, goes then to show that the mams with a 
man condensation are the redded. For, although the results are 
not (luite so unifom as might be desired, there is a decided 
maximum of redness in Species 9 and 10, which may fairly 
be taken as the swarms with mean spacing. The greatest dis- 
crepancy is in Species 1, but here the result depends upon the 
observations of one star, and even that is not definitely known to 
belong to Species 1. 

It may be objected that the foregoing series of numbers is not 
sufficiently regular for any trustworthy conclusions to be arrived 
ai But the very decided maximum in Species 10 is of it p elf 
sufficient evidence that the megularities on both sides of it are 
due to the difficultic'S of observation. 

1 have gone over Dundr’s observations of the spectra and 
colours of the bodies of Group IL without reference to my tem- 
perature ola.s8ifioation, and the result of this investigation shows that 
where the spectra are described as identical the colours sometimes 
difibr considerably. Thus the same spectrum is apparently not in- 
variably associated with exactly the same colour. The table on 
p. 501 shows that this is the case. 

It is clear, therefore, tluit, quite independently of my classi- 
fication into species, the relation between colour and spectrum 
in the present state of our knowledge is not absolutely 
definite. 

This is probably to a great extent due to the variability of 
the stars of the group. All of them may be more or less 
variable, and it may often have happened that the colour of a 
star has been recorded at one time and its spectrum at another, 
when the colour was slightly different Some of the dight 
variations observed may also be due to variation in atmospheric 
absorption. 

In the table in question tbe numbers in the vertical columns 
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indicate the numbers of stars of any particular colour associated 
with a paxticulax spectrum, and it will be seen that amongst the stars 
with a spectrum containing the bands 1 — 10 uniformly developed, 
3 have the colour Bij, and 5 are Bj. 


Rij. 

Bj 


JJp. 


2 

10 




16 

• •9 

8 

5 

9 

... 


5 

86 

4 

... 

•• 

8 

2 

... 

4 

6 

... 


1 

2 


... 

, , 

1 

... 

8 

5 

... 

... 

Tt n 

1 

1 

... 


6 

4 

, , 

1 

5 

4 

1 

1 

5 

21 

... 

■ V* 

8 


... 

4 

18 

5 

... 


1 

... 

. 1 

5 

10 

6 

1 

»«• 

6 

20 

1 

• • ■ 

1 

1 

... 

• •• 


5 

..a 


2 

6 

... 

• 99 


2 

1 

• •• 

1 

6 

1 

• •• 

8 

8 

... 

8 

8 

10 

... 

20 

86' 

176 

12 


Bpectia. 


Bands narrow and pale, red stronger 
2—8 bands narrow and pale 
Bands wide and pale 
2 — 8 bands moderately wide and dark, 2 and 8 strong 
Bands wide and dark, red strongest 

2 9 bands moderatdy wide and dark, 2 and 8 

strongest . . . . . 

1—9 bands moderately wide and dark, 2 and 8 
strongest . . . . • 

1—10 bands wide and moderately dark, red strongest 
1—10 bands wdl developed and equal 
1—9 blue bands most strongly developed . 

1— 9 wide and dark .... 

2— 9 wide and dark, blue strongest . 

2—9 wide and dark 
2—10 wide and dark 
Bands wide and dark, blue strongest 
2—8 wide and dark, blue strongest . 

Bands wide and dark 

2—8 wide and dark . . • « 

2 — 8 narrow and dark • • 

Bands naiTOW and pale, blue strongest * 

2, 8, 4, 5, 7 and 8, 7 and 8 strongest 
2, 8, 6, 7, 8 a « • • • 

2, 8, 7, and 8 . . . • 

2, 8, 7 

Indeterminate .... 


On reference to the tables of variables which I have given, 
it will be seen also that the relation between colour and period 
obsterved by Chandler is only a general one. 

We may, therefore, for the present regard the swarms with 
mean spacing as the reddest. The sparsest swarms vary finm blue 
to greenish-white, so that the redness will gradually deepen in 
pyuring from 'these to the mean swarms, Again, in passing from 
the swarms to the most condensed ones, the redness mxist 
gradually disappear, for we know that the stars of Group III. are 
yd.low or white. 
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The following represents the colonr-condition of stars of Group 
IL both more and less condensed than the mean swarms : — 

/ reddish-yellow, 
i yellowish-red. 

Group II. . . . ( red. 

I yellowish-red. 

(, reddish-yellow. 

Hence no definite conclusion as to the temperature of Group II. 
stars can be arrived at by colour observations alone, since stars 
cooler tlian the mean, as well as hotter, give the same colour. 


The Cmese of the Bdaiion ’between Colom and Period. 

On reference to the tables of variables on pp. 496, 497, it will 
bo seen that there are none less condensed than Species 7. This 
means that the sparsest swarms either exhibit no variability at all, 
or their variability is of such a character as to escape notice. The 
reason for this is not far to seek. First, if there be any revolving 
swarms with small orbits, they will never be entirely out of the 
central swarm, and their effect will simply be to produce a 
general incroase of brightness of the swarm. Only revolving 
swarms with largo orbits wiU therefore be effective in producing 
variability, but oven these will only cause variability of short 
range, since the number of collisions at pcriastron passage will be 
small, the swarm being sparse. In the sparsest swarms, there- 
fore, the variability will be of a long period and the range will be 
small These are no doubt the causes of the variability having 
been overlooked. 

When we pass to the mean swarms, however, the variability 
becoines more strongly marked. Cometic swarms of short period, 
If they exist at all, will still only produce a general' brightening of 
the central swarm, and the swarms most effective in producing 
variability will therefore be those with moderately long periods. 
The range of variability will depend upon the eccentricity of orbit 
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and the peiiastron distance of the levolving swarm, as in the 
general case. 

As the central swarm hecomes more and more condensed, and 
therefore gradually loses its redness, only shorter period swarms 
win be effective in producing variability, as the outliers will have 
been drawn entirdy within the orbits of longer period swarms, if 
they exist at alL 

StiU farther condensation of the central swarm will draw the 
outliers within the orbits of the revolving swarms, which would 
produce variability ui 'tire swarms last considered, and now only 
very short period swarms are concerned. At the same time the 
colour will have become yellow or yeUowish-white, the swarm 
having passed from Group II. to Group III, 

It wiU be seen that my theory perfectly explains the general 
rdation of period to colour which has been observed by Ohandler, 
and previoudy by Schmidt,^ and in &iOt demands it. 

The range of variability does not appear to bear any rdation to 
the periodicity (except perhaps in the sparsest swarms), and this is 
only what we should expect, as the conditions on which the range 
depends (periastron distance, and eccentricity of orbit of revolving 
swarm) are special to each star. Cometic swarms in our own 
system follow no general rule as regards the eocentrioities of their 
orbits, or their perihelion distances. 

The iBBEauLaB Yabiables ot Gbouf II. 

The next test is that of irr^ularily. The apparent irregularities 
in the variability of stars in the group under discussion are, on my 
theory, produced by the revolution of several swarms of meteorites 
at different rates and different distances round the central one. 
The swarms most subject to irregularity should, therefore, on this 
view, be those which are most likdy to suffer from the effects of 
the greatest number of revolving swuems. These will not be the 
sparsest swarms, for the reason that the short period swarms will 
produce a general brightening, as already pointed oul^ leaving 

Qnoiwd lit GbMrwOtry, Pebmaiv ISSS. 
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the long period swarms predominant. Neither will they be the 
most condensed, because most of the cometic swarms will sweep 
clear of the central swarm at periastron passage. They must, 
therefore, occur in the swarms of mean condensation, if any- 
where at all, though mean swarms need not necessarily exhibit 
irregular variability. The facts observed show that out of the 
five irregular variables of Group II., three have colours iudi ca.ti'ng 
a mean condensation, while two appear to be a little further 
condensed. 


Ikreoulae Variables. 


1 

1 

i 

3 

Q 

■ 1 

a 

I 

1 

1 

1 

Period. 

Colour. 

Species. 

Ghiiudler 

Duii6r 

18 

1072 

20 

p-Porsci 

3*4-- 

4 ‘2 


2 

Jr 

8 

37 

2008 

f*0 

a-Orionis 

1 

1-4 


0 


16 

1 120 

0181 

100 

a-Horruli*} 

3-1 

3‘0 


5 


10 

179 

7803 

2()0 


2-7 

4*8 

,,, 

6*2 

Erj 

7 

184 

8273 

281 


2-2 

2*7 

*• 

2 

Jr 

9 


The spectroscopic observations confirm the conclusion that 
irregularity mostly occurs in mean swarms ; it will be seen that 
with the exception of a Orionis, which is only very slightly vari- 
able, the species to which the irregular variables belong are 7 — 10, 
indicating mean condensation. 


BUIUHT IlyDROOBK IN VARIABLE StARS OP GrOOT IL 

I have pointed out (p. 477) that in the class of variable stars 
under consideration the bright lines of hydrogen might be expected 
to make their appearance at maximum, accompanying the greatly 
increasoi intensity of the carbon flutings. Tor since the bodies of 
Group n. are very much akin to nebulss, an increase of temperature 
such as occurs at maximum should be accompanied by the appear- 
ance of bright hydrogen, because a greater quantity of incandescent 
gas would occupy the interspaces at that time. 
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Under normal conditions there are neither bright Voic, dark 
hydrogen lines in the spectra of bodies of Group II., the sin^j^ "eud 
sufficient explanation being that the bright lines from the int^ 
spaces balance the dark lines from the meteoritic nuclei "Any- 
thing which in this condition of light- equilibrium wiU increase 
the amount of incandescent gas and vapour in the interspaces will 
bring about the appearance of the hydrogen lines as bright ones. 
The thing above all things most capable of doing this in a most 
transcendental fashion is the invasion of the part of the swarm 
by another moving with a high velocily. This is exactly what 
I postulate. The wonderful thing under these circumstances 
then would be that bright hydrogen should not add itself to the 
bright carbon, not only in bright-line stars, but in those the spectra 
of which consist of mixed fiutings, bright carbon representing the 
radiation.” ^ 

That the bright lines of hydrogen do make their appearance at 
unnYimiiTifi, in some of the stars at all events, is placed beyond 
doubt by the recent important observations of Mr. Espin. On 
13th August 1888 he® noted “a very bright line, apparently E,” 
in the spectrum of B Cygni, the maximum occurring on 19th 
July. The spectrum of o Oeti was also observed by him® on 23d 
and 30th October 1888, the maximum of the star occurring 
on 28th September. Dundr’s bands from 1 to 10 were seen, and 
the observer noted that on 30th October, when the star had faded 
considerably, bands 8, 9, and 10 seemed to be broken into two, but 
he was doubtful whether these interferences were due to bright 
liTiAH or not. A brilliant line was observed in the violet, which 
was thought to be A (hydrogen). It is very probable also that 
bright E was present on this date and caused the second maximum 
in band No. 9.* 

Mr, Espin has also announced in a recent circular (2d April 
1889) tibat there ace bright lines in the spectra of B Leonis and 

1 Bafcerlan Lwtur^ 1888, p. 88. * MrntMi/ NeHeu, B.A.S., voL adi*. 

* vol. zlix. p. 804. 

* lint* of hydiogtn tud othor sobBtanea were ^otogtsplied in tbo 
speotram of Min by Froftnor Fiokoing in Noninber 1886, tli» nuudmtiiu oocnning 
on 14tb MoTBmber. 

2 s 
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E Hydras. He states that “ the spectra of E Leonis and E Hydras 
contain bright (hydrogen?) lines, first seen on 25th Pebruary. 
Observations confirmed, through the kindness of Mr. Common, by 
Mr. Taylor, at Ealing, who sees two in E Leonis and one in E 
Hydrco.” Both these stars were near their maxima at the time of 
observation, that of E Leonis occurring on 23d March, and that 
of E Hydnc on 17th Pebruary. Another circular (3d October 
1889) states that “ bright lines were seen in the spectrum of E 
Andromedro on 25th September, the F line being very bright.” 
The maximum occun-ed on 25th July. 

The appearance of the hydrogen lines at the maximum, and 
their disappearance as the stars fade, will no doubt eventually be 
found to be among tho characteristic variations of the spectrum 
which accoinxianics the variation of light in some stars of this class 
with mean sxiacing. 


INCRBASEl) ISTBNRITY OF TUB OAUBON FLtlTIKGS. 

The brightening of tho hydrogen lines, however, is not the 
chief variation in tho spectra of these variables at maximum. 
We must rather look to the brightening of the carbon vapour in 
the interspaces. I made observations of Mira in October 1888 
(tho maximum occurring on 15th October) to test this view. Hear 
maximum its brightness was such that a 12 -inch minor and a 
Maclean’s spectroscopic eye-piece wore all that were necessary to 
see in how striking a manner the test was borne. The two brightest 
bands visible were at \ 517 and X 546, precisely where these are 
seen in the brightest comets. The former is the brightest carbon 
fluting seen in the spectrum of the Bunsen flame or spiiit-lamp, 
and the other, at 646, is the citron carbon fluting beginning at 664 
but modified by the masking effects of the manganese absorption 
fluting at 658, and also that of lead at 646. 

The blackness of the spaces between the bright flutings showed 
that there could be very little continuous spectrum from the 
meteorites, and, therefore, that the light which was masked was 
that due to the carbon flutings, 
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The mean spectrum of Mira is that of a star like yS Pegasi, 
which I have shown to consist of bright carbon flutings, and dark 



flntings of magnesitim, manganese, iron, lead, and barium. In ^ 
Pegasi, as in Mim. under mean conditions, the carbon is somewhat 
fafat, but in a Herculis it is tmy tsight The general effect the 
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conditions of maximum of Mira, therefore, seems to be that it 
changes its spectrum from one like that of y8 Pegasi to one like 
that of a Herculis. In vamble stars of this class the proof is now 
complete that the increase of luminosity is accompanied by cometary 
conditions, and that it is due to the increased radiation of carbon. 

In the accompanying woodcut the spectrum of Mira is compared 
with that of /8 Pegasi and Encke’s comet. In some comets the 
carbon lluting is cut off at 546, exactly as it is in Mira. These 
observations of Mira, and others which Mr. Fowler and myself 
have made on otlior stars with Bunsen comparisons, entirely justify 
the conclusion drawn by Dr. Copeland from his work on U Orionis 
(when it was thought to bo a Nova), that bright flutings of carbon 
were in question in that star, although that conclusion has been 
contested. 


Ho far as Gnnip II. is oonceimod, I tliink it will be granted that 
the meteftritic theory of variability is quite in harmony with the 
facts observed, considoring that the observations are still incom- 
plete. Tl«! theory does not rociuiro that all the swarms of the 
group should bo variable, but only those which are condensing 
double or multiple nclmlic. At the same time, it requires that this 
group should be more subject to variability than any of the others, 
and this is one of tlie best-established facts of modern astronomy. 
Not only are these general demands satisfied, but, as I have shown, 
the theoiy bears the strain put upon it when it is used to explain 
the finer details as to colour and irregularity. 
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Hating now discussed the special variabilitj condition of Gioup 
IL, we can proceed to consider stars of the Groups L and 11. and 
YI. together, since by the hypothesis this Taiiability is due to the 
same cause; all differences in the details of the effects being 
due to the different physical nature of the central body. In 
Groups L and IL it is a swarm of meteorites with which we 
have to deal In Group YI. it is a condensed star of low 
radiation surrounded by a dense atmosphere containing carbon in 
some combination. 

In both cases the bodies are normally dim. In Groups I. 
and IL they axe so because the meteorites, when undisturbed, 
are relatively free &om collisions. In Group YL they axe 
so fbr the reason stated above, the stax being on the verge of 
extinction. 

I insist upon this dimness, because the dimmer the central 
body the more important becomes the luminosity caused by, 
or set up in, secondary swarms. Farther, such variability 
as we are now considering is unknown in the case of the hotter 
stars. 

It is dear that phenomena produced in either group ly ilu action 
of two twcmnt diould strongly resemble each other, and that if it 
be found that this explanation holds ^od in one case it should be 
found to hdd etjually good in the other. It is to be expected, then, 
that phenomena observed in' each may throw light upon the other, 
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and that the view advanced may he tested by the differences 
observed. 

Let us consider two hypothetical cases, to start with, in Groups 
I. and VI. 

In Group I. we have a condensing nebula, the light of which 
when undisturbed is, say 6 mag. Kound this there revolves a 
cometary swarm, say in six time-units. At periaatron 
occur which raise the light of the combined swarms to 3 mag. 
Tliere is also another similar swarm revolving in, say twelve time- 
units. The conditions are such that tliis second swarm produces 
a smaller disturbance, which only raises tlie light to 4| tv' pg We 
will assume the periods to be exactly commensurable, and the 
apastra to occur together. It is obvious that alternate 
will bo raised by this second revolving swarm, hti ilu mmtm mil 
he comtant. 

In order to put results of this nature into dia gr apiTn fltic form, 
we must consider that wo ai-e dealing with certain additions of 
light to the constant light of tlie star. These additions must be 
shown as such. 

It is very important that I should point out that for this 
method of direct integration to be adopted a scale of light-units 
must be employed, for the reason that the arnount of Ivjhi whwh 
is guffideni to proAxm a diange of a magnitude in a faint stag 
xmtld only prodim a ehanye of a fraetion of a magnitude in a 
hrighier star. 

Taking the light of n star of magnitude m as a unit, and using 
the formula — 

in which Lm represents the light of a star of magnitude m and 
liM-n the light of a star n magnitude brighter, we gel — 

2-61 W 
6*31 Iim 
L,„-3« 16*86 Lm 
39*78 

Lm- 6 -.100*02 L„. 
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The amount of light to be added for the different magnitudes will, 
therefore, be as follows — 

Addition for one magnitude =( 2'61- 1 ) Lm™ 1‘51 Lm 

„ the next „ =( e-31 - 2‘61) Lm— 8'80 Lm 
« „ „ =( 16-86- 6-81) L„= 9-64 Lm 

„ „ „ -( 39-78 -16-86) Lm = 23-98 Lm 

„ „ „ =(100-02-39-78) Lm=-60-24Lm. 

It is obvious that these figures are in the same proportion to each 
other as the numbers representing the light of stars of different 
magnitudes, and if in our diagrams we take a certain length of 
Hue to represent the added light equivalent to one magnitude, 
about 2| times this will represent the added light for the next 
magnitude, and each succeeding magnitude will he represented 
by a line 2^ times as long as the preceding one. A scale of this 
kind must be adopted in int^rating the effects of two sources of 
added light for the reason already stated. Thus, while the amount 
of light to be added to a sixth magnitude star, to take an 
instance, to increase it to the fifth is units, the number of 
the same units to be added to a fourth magnitude star to make 
it a third is 9}. Hence 1^ units, which raise a star of the sixth 
to the fifth magnitude — that is, one whole magnitude — would 
only increase a fourth magnitude star by about one-sixth of a 
magnitude. 

To graphically represent what happens, when, by cometaiy 
action, a star is raised three magnitudes above magnitude m, we 
get as the above light-units — 

1-612 addition for one magnitude. 

3-80 „ the next „ 

2’64 „ „ „ 

The sum of these numbers, 14-85, represents the added light. 

The plan on which the following curves have been drawn wiU 
be gathered ficom the table given on the next page, which shows how, 
on the above basis, the light-units and magnitudes correspond. 
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Magnitude 

Light addition for 

Integml part Fractional part 

Total light 

steji. 

of stop. 

of step. 

addition. 


0 

0*68 

0*68 

1 

1-51 

0 

1*51 

ij 

1-51 

1*46 

2*97 

Si 

f)-31 

0 

6*31 


6*31 

3*66 

8*97 


14*85 

0 

14*86 

H 

14*86 

8*61 

23*46 

4 

38*78 

0 

38*78 

n 

38*78 

23*08 

61*86 

5 

100*02 

0 

100*02 

etc. 

etc. 

etc. 

etc. 


In the hypotlietical case represented in Kg. 93 the con- 
stant light of the central swarm may he taken as 6 Tuag^ and 
the added light of the two secondary swarms as varying from nU 
to 3 mag. and from nil to 4J mag. respectively. It is then obvious 
that tlio integrated effects of the light added produce constant 
maxima of 14‘86 units, and minima alternately of 0 and 2'97. We 
can in this way represent the light-curve of a star which changes 
its magnitude from 3 to 4| and 3 to 6 alternately. 

The relative scales of light-units to brightnesses shown by the 
foregoing figures, however, enable us to transpose the diagram to 
one in which equal spaces represent equal differences of magni- 
tudes This is shown in Fig. 94. 

In the diagrams the light-curves of the two subsidiary swarms 
are represented by dotted lines, and the integrated result by the 
continuous line. One of the revolving swarms has a period of 6 
units of time, and the other a period twice as long. The eccentricity 
of the primary swarm is such that it adds, at maximum, 14*85 light- 
units, while the secondary swarm adds 2*97 light-units. A com- 
parison of the two diagrams will make clear what has already 
been said about the relative value of the light of one magnitude at 
the top and bottom of the curve. 

We next take a hypothetical case from Group Yl. 

Here, instead of a nebula, dim owing to absence of collisions 
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brought about by disturbances, we have to deal with a condensed 
body of small luminosity, the light of which is strongly absorbed 
by a carbon atmosphere. 

We first consider tiie action of two subsidiary swanns, one 
producing more light with a short period, the other less light with 



a period say fifteen times l<8>gei, Ihfimfv'Wehtfre<nteebm<ttwitib 
an orbit ef gteet and of 

small ecoentridty and long pffiiod We assdixie the ' periastra 
to be oohundent. 

/ I 

As the lig^t is generally feeble, we may tahe the ccmstant 




Fio. 9S.<~HT]>fymBncAi» Cubvx is LKunvUNim 





FKkgo.' 



516 THE METEOBITIG HYPOTHESIS paet vni 

lununosity of the star as of the twelfth magnitude, and that it is 
raised to the eighth magnitude by the added light of the swarms 
at perihelion. We have then a difference of four magnitudes. 
Proceeding as before we have — 


1’61 addition for one magnitude. 
3'80 „ the next ,, 


29-98 


5 > » 


The sum of the added light gives us 38'81 light-units. 

The continuous curve represents in Kg. 95 the integrated effects 
expressed in light-units of the two added light sources, and it will 
bo seen that the result is a variable with both maxima and minima 
also periodically variable. Hut although both maxima and minima 
• are variable by an c<iual number of light-units, the effect on magni- 
tude is totally different ; whereas the minimum varies hy two magni- 
tudes, the maximum only varies by about one-tenth of a magnitude. 
In the hypothetical case represented, the maximum varies between 
7’8 and 7*9, whilst the minimum varies between 10*0 and 12*0. 

Like the curve for the variable of Group II., this may also he 
transferred to one in which equal differences of magnitudes are 
represented by equal spaces. This is shown in Fig. 96, and here 
again it will be seen that, as in the former case, in adding a change 
of magnitude at the bottom of the curve to the top of the curve, 
the magnitude is diminished according to the ratio of light-units. 

Tlie question now arises : Are there any stars in the heavens 
the phenomena of which can be represented by the hypothetical 
curves which we have just given ? If so, we shall be justified in 
tracing a vera eausa in the hypothesis under consideration. It may 
be here stated that one of the received explanations of such a 
variability as is represented on our first hypothetical diagram is 
tbat due to Professor Pickering, who conceived that the observed 
effect might be produced by a surface of revolution, the ratio of 
the axes being 6 ; 8, with a dark portiMi at one of the ends and 
symmetricany situated as regards the longer axis.^ 

• CSkwt la Attrmemyfar Amctewn, p. 288. 
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A xeference to page 483 will show that the hypothetical cuTve 
shown in lig. 94 stiildngly represents the aetoal light-curve of 
Lyrse (actual magnitudes are not in question), and I submit 
therefore that the well-known phenomena of that star are produced 
by the causes 1 have suggested rather than by the complicated 
apparatus suggested by Professor Pickering, to say nothing of the 
earlier suggestions of Maupertuis and others. 

I append another diagram (Pig. 97) to show that the second 
hypothetical curve is a close approximation to the light-curve of 
U Oygni, one of the best- observed variables in Group YI.; and 
here I must express my obligations to Mr. Knott, who has freely 
communicated all his observations of this star to me, and has 
p^mitted me to publish them in this form. 

Unfortunately, though the observations are of such a high 
order of exactness, they are not continuous. The parts of the 
curve in which the line is continuous represent the actual observa- 
tions. The dotted lines added are for the purpose of enabling a 
comparison to be made with Pigs. 95 and 96, in which the 
probable relations of the periods and intensities of the two hypo- 
thetic swarms are shown in light-units and magnitudes respect- 
ively. The similarity between the hypothetic case represented 
and Mr. ICnotts actual observations greatly strengthens my view. 

It follows veiy clearly from the above considerations that on 
my hypothesis there should bo frequently found rhythmical vari- 
ations at the mi nimu m, while the change at maximum is so slight 
that our best observers fail to notice it. * 

The ffTyiftllftr the range, the more will both maxima and 
TwiTiinm. be affected by the subsidiary swarms. W Oygni is a case 
in point. 

It has been before remarked that the hypothesis demands that 
in sparse swarms of meteorites (Groups L and II.) the ascent 
to Tpftvimnm, due to the sudden action of the colliding svrarms, 
Aould be much more rapid than the descent to minimum, for 
the reason that the descent must repr^ent a praufuaJ cooling 
down of the distoxbahoe. This more rapid , ascent has been 
noted in — 
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E Pisciiim . 

8 VulpecultB 
R Leonis Minoris 
E CTr-sto Majoris 
E Corvi . 
WCygni . 

8 Qissirjpeioi 
E Ariiititt . 

R Orionis . 

T Delx^hitii 
T YulpecnlM* 




VKnown Group 11. stars. 


iQroup tiot yet determined. 


I have alao suggested that the short minimum is a measure of 
the indirect disturbance, but it is easy to imagine that this short 
minimum will not be invariable under all conditions, and accord- 
ingly wo find in It I’ersei with a period of 212 days, a long 
minimum. In stars of Group VI, on the other hand, where we 
have simply to deal with the added light of comets passing 
perihelion, there is no reason why this should happen; indeed, 
it ought to bo rather the other way, since comets put on their 
greatest brilliancy after perihelion. As a matter of fact, so far as 
my inftuirics have gone, I have not yet come across a case of a 
Group VI. star showing any great difference in the times spent in 
rising and falling. 

On the hypothesis a perfeetly constant period can only occur 
in the case of those double swarms in which the central one has a 
regular figure and density. The moment this condition is departed 
from, seeing that the central swarm is certain to be in rotation, 
variation of period as well as of maximum must be expected. 

Nor is this the only variation which depends upon the central 
body. In the absence of knowledge in each case, we must assume 
that the structure of the central swarm resembles that of those 
which have been examined in Andromeda, Ursa Major, and Canes 
Venatioi— that is, the meUoriiie deneUy wiU vary loecdly(S Aquilee), 
and some of the observatione made may be explained on the 
sapposltion that the subsidiary swarm breaks into regions in 
which the density Is suddenly increased, as if we were noting the 
result of a ring being pierced (E Auriga). 




Sis. fl7^Liam>GiJBTB or U Gtohi, BEXxwim Mb. XNorr'B AcartTAL Obbebvatioiib. 



520 


THE METEORITIG HYPOTHESIS 


PART VIII 


We have only to look at Mr, Eoberts’s photograph of Ihe 
nebula in Andromeda, and consider under what different conditions 
a secondary swam might reach the same periastric distance if 
there were any rotation in the nebula or any movement of the 
nodes, to recognise the importance of taking the above points into 
consideration. 

If there be a condition of the central body anything like that 
of the nebulaj named, it must be borne in mind that in the 
struggle for existence those swarms moving in the pln'nft of the 
intakes and in the same direction, will be those that will longest 
survive ; hence we ought to bo able to explain the light-curves on 
the sui>p08ition that the conditions of the secondary swams are as 
stated above, and it is .seen that we can so explain them. 

When we have to deal with more than one subsidiary swarm 
it is easy to see that ceitoin inlations of tho regular periods of 
their orbital inotuuw will jnoduco an irrogulaiity in the compound 
period ; .so that a rhythmic change of period will enable us to learn 
somewhat of tho ndation of the relative intensity and period of 
each of tlio swarms. Wo are really in presence of a light-tide, the 
elements of wliich can bo found by analysis, as occurs with other 
tides iioarer liome. 

The explanation suggested by the hypothesis of the variability 
of stars of Group YI. seems also to throw light upon the strange 
colours of some of them. E Leporis, for instance, one of the most 
markod variables in tho group, is the famous crimson star observed 
by Mr, Hind. Now crimson = rod + blue. All these stars are 
red, and in many of them the absence of the blue is one of the 
most emphasised characteristics of the spectrum. 

But suppose that the secondary swarm which adds its light at 
maximum is a comet with the usual carbon bands, we shall get 
this condition of things • 

Blue. Qtwa. Citron, 

i masked by | 

Bands in star . .■< oontinuoni > absorbed absorbed 

( absorption ' 

Bands in sttbaidiary swarm bright bright Inight 
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la other words, the bright flatiag of carbon in the green and blue 
of the subsidiary swarm will just mask the absorption bands. 
They will pcUe, and the colour of the star (red) will be but dightly 
affected £rom this cause ; but the blue fiutings will be dear gain 
to the blue end of the spectrum, and crimson will lesuli 

If this explanation be conceded, it is dear that comets 
travelling round such stars are conditioned very much like comets 
tiavdling round our own sun. 

The general colour of the stars in Group YI. indicates that they 
are near the point of invisibility, the conditions being no doubt a 
red- or white-hot crust with a strongly absorbing atmosphere. It 
is worth while to point out that the cessation of all radiation of 
light from the central body need not prevent its passing on as a 
variable star to Group Yll. As we must assume comets to be 
shreds of nebulce, i.e. meteoritio ffdds or streams, filched by 
masses which pass near them, since the mass remains after the 
light has gone, there will be the same attraction at work, and 
we have no right to assume that it wifi, not act in the same way as 
heretofore. 

We can gather from this that, practically there can be no per- 
manently dark bodies in space ; they tmst at one time or another 
be accompanied by comets, and th^ey must therefore be variables 

Here a most interesting point com« in : if the phenotnena 
of the repulsion of comets’ tails, or, in other words, the repulsion 
of carbon in some form or other from cometary swarms, de;^ds 
upon the thermal energy of the central body, this result can no 
longer happen when the central body has cooled down. The 
effect of this upon the spectrum of such a compound system is 
wdl worth inquiring into. 

In the hypothetical curves I 'have already given, X have dealt 
with sim|de cases. IkA in the stars ti^epe will ^ cestain' to be 
complex ones aWt tqr peti«^<w,<tpd?tra 

nbtbtin^'doinoidtoht'‘k'4e ^ deai 'ohly with two), 

and by diiSbrent'relatiOftthipB ut ^ pndoda. 

I append (Kgs, some hypothetical curves worked out 

both in l^t-tinits and magnitudes, the conditions being stated ffw 







h. Sabeidiaxy swacui. & Besult in added lig^t-nnltB. d. Besnlt in added nugnltndea. 
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each. The paucity of actual light-curves available prevents any 
inquiry as to the staiB in which the conditions here imagined 
actually exist, but in the absence of such knowledge it is still easy 
to gather that different periods separating maxima, secondary 
minima of unequal periods, and great variations in the rise to and 
fall from maximum, instead of necessarily being the resxdt of 
“ irregularity,” are all demanded by the most perfect regularity, 
provided wo have more than one swam to deal with under 
conditions anylliing like those employed in the hypothetical 
curves almve given. 

If there is anything of value in what I have advanced, it 
is quite clour that the observations of variable stars and variable 
star catalogues require considerable revision. First, arrangements 
should bb made with tbe observatories of America and India so 
that tbe observations of a certain number of stai-s in the northern 
hemisphere shouhl Ikj taken as continuously as possible. Tbe 
relative, brightetiing of the bright carbon flutings in stars of 
(i roups 1. and 11., and the paling of the dark carbon flutings in 
(ironp VI., should bo spectroscopically watched in each case. 

It is highly important also that the precise group to which 
each variable belongs should be determined, and that this datum 
should take the first place in the working catal(^ues employed. 
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CHAPTER XLV 


GENEEAL OONOLTJSIONS 

I PBOPOSE in this concluding chapter to state in their most general 
aspects the views of the structure, and therefore of the classification, 
of the various orders of cosmical bodies which the investigations 
and discussions detailed in this volume suggest. 

It will he seen that one of the corner-stones on which the new 
hypothesis has been founded is the evidence afforded by the spectro- 
scope that many so-called stars are swarms of meteorites.’- The 
establishing of this proposition has necessitated a detailed dis- 
cussion of the sequence of spectroscopic phenomena in stars, comets, 
and nebulse in relation to the spectra of meteorites observed in the 
laboratory. From these observations many subsidiary points in 
the hypothesis have been obtained. 

The new view of star structure when carefully considered 
suggested a new view of the cause of variabili^, and hence of the 
origin of multiple systems — even of a system like our o-wn. 

The general conclusions, then, to which the investigations dis- 
cussed in this volume lead may be thus stated — 

1. All self-luminous bodies in the celestial spaces are com- 
posed either of swarms of meteorites or of masses of meteoritio 
vapour produced by heat. The heat is brought about by the con- 
densation of meteojvswarms due to gravity, the vapour being finally 
condensed into a solid globe. 

^ I mggMtod this posdbls oaute of a *‘new star” is 1866, and the view was 
strsngthensd on, Speotrosoo|dc STid«noe,by Ihr. Copeland in 1886. 
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2. Tlie exiatmg distinction between stars, comets, and, nebulae 
rests on no physical basis. 

3. Stars, the temperatures of which are increasing, do not 
refsemble the sun, but consist chiefly of discrete meteoritic particles 
just as comets do on Schiaparelli’s hypothesis. 

4. The spectra of nil cosmical bodies depend upon either the heat 
of the meteorites produced by collisions, and the average space be- 
tween the meteorites in the swarm ; or, in the case of swarms wholly 
volatilised, upon the loss by radiation since complete vaporisation. 

5. The temperature of the moat prominently radiating vapours 
produced by collisions in nebulio, stars without the hydrogen lines 
but with other bright lines, and in comets away from perihelion, 
is almnt that of tlic Bunsen burner. 

G. Tlie temiwrature of the most prominently absorbing vapours 
produced by collisions in a Oriouis and similar stars is about that 
of the Bessemer flame.' 

7. In a siiighi swarm of suHioiunt magnitude, the ordinary pro- 
ccfwcH of evolution will in time produce successively the luminous 
phenomena, the se«juoncc and characteristics of which are defined 
Iqr the (Itimps I.-VII. 

8. Ai»i»mmt stars of any group up to the IVth may, however, be 
formod in a leas regular manner by the collision of two meteor streams 
or swarms, or stream with swarm, provided the velocity is suffloient 
to raise the motooritie vajiour to Uie rc(xuired tcm|)CTatate. 

9. The lino of increase of temperatures of the swarms of 
meteorites and of subsequent cooling of the mass of vapour pro- 
duced, and the accoin|)nnying phenomena, may be stated generally 
as follows — 


' If m SMum* the eiteeiflo heat of the meteoritea to he 0*10, the inereaae in their 
tempenture when their motions an amatad by impaota will he roughly as foUowa t— 
Yelooity 1 mile per second .... 8,000* 0. 
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It is elaar, howavar, that in tha n>s|ority of catet grans and not end*ott oofliaioDS 
will oeenr. Tha wM fnmimU radiating or absorbing vsponn will ba thoia pro* 
dneed in greateit quantity, that is, by tha avenge velooity of impaob 
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Spectram of Meteonte. 

Badiation. 

1 Dimly discontinuous. 

^ Continuous. 

Vividly continuous 

' The radiation from individual 
meteorites now gives place 
to radiation from the intemor 
vaporous and subsequently 
consolidated mass of the con- 
densed swarm. 

V 

Spectnuu of Vapour of Meteorite. 

Absorption. 

1 Nil 

(?) 

(?) 

(^) 

f Absorption of Manganese 

1 and Lead 

0) 

(?) 

Meteorite flutings and lines 

»> » 

[ High temperature lines 
< of substances present 
{ in meteorites . 

f K in excess . 
t Flutings of carbon 

1 

(500) ± 496 . 
(500) 

(600) 

Mg (600) ±496 
Fe, Mn . 

CO 

Fe, Mn . 

Mg(6), Mn & Pb 

Meteorite lines . 

Meteorite lines. 
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Continuous 
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10. The braiianoy of the aggregations, at each increasing temper- 
ature, depends on the number of meteorites in the swarm, the dif- 
ference depends upon the quantity, and not the intensity, of the light 

11. The main factor in tlie various spectra of those the 
temperature of which is increasing, is the ratio of the 
between the meteorites to their incandescent surface. 

12. When the interspace is very great, the tenuity of the fflsos 
given off by collisions will be so considerable that little luminous 
spectrum will be produced. When the interspace is less, the tenuity 
of the gas will bn reduced, and the vapours occupying the inter- 
spaces will give os bright lines or ilutings. When the interspace is 
relatively small, and the temperature of the individual meteorites 
therefore higiicr, the preponderance of the bright lines or flutings in 
the spectrum of iho intorspacos will diminish, ond the incandescent 
va]ioar surromidhig each meteorite will indicate its presence by 
absorbing the continuous spectrum-giving light of the meteorites 
theraselvaH. 

1 3. With coesh reduction of interspace the absorption phenomena 
will change IVoin those special to a low, to those special to a high, 
tunqKiraturti. 

U. Thu radiation and ahsoiq>tion ilutings of carbon afford the 
licst means of establishing the connection between the ph 3 rsical and 
chemical nature of the various groups of bodiea 

IS. It follows from the experiments recorded that the line at 
X 600, of so far unknown origin, soon in some nobulm, comets, and 
also in Nova Cygni, may be the remnant of the magnesium fluting 
seen most brilliantly at lower temperatures, and is due to the 
olivine present in the various swarms of meteorites. 

1C. The spectrum of hydrogen seen in the case of the nebula 
with bri^t lines seems to be duo to low deotrical excitation, as 
happens with the speobrum of carbon in the case of other nebulae 
and comets. Sadden changes trom one spectmm to the other axe 
seen in the glow of meteorites in vacuum tubes when a current is 
pasobg, and the change from hydrogen to carbon can always be 
branght about increased besting of the meteorite. 

17. The spectrum of hydrogen seen in variables of Ghroup II. at 
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maximum is due to the emission of that gas from the meteorites 
in the colliding swarms which encounter each other with the highest 
velocities. 

18. The brighter arcs in spiral nebulae, and in those in which 
a rotation has been set up, are in all probability due to streams of 
meteorites, with irregular motions out of the main streams, in 
which the collisions would be almost It has already been 
suggested by Professor G. H. Darwin ^ — using the gaseous hypo- 
thesis — ^that in such nebulae “ the great mass of the gas is non- 
luminous, the luminosity being an evidence of condensation along 
lines of low velocity, according to a well-known hydrodjrnamical 
law. Prom this point of view the visible nebula may be regarded 
as a luminous diagram of its own stream-lines.” 

19. The colours of stars follow in orderly seq[uence through the 
different groups, and depend both upon temperature and the 
physical condition of the swarm or condensed mass with absorbing 
atmosphere. They are liable to change in each group in the ease 
of variables. The order is as follows : — 

Group I Blue, greenish-blue, white, or pale gray. 

„ II. Tdlowish-red (variables less red at maximum). 

„ IIL TeUow to white. 

„ IV. Bluish-white. 

„ V, White to ydlow. 

„ VI. Eeddish-yeUow to blood-red (variables less red at 
maximum, and in some cases crimson). 

„ VII. Dark or nearly dark bodies. 

20. Double and multiple stars have condensed from double or 
BSiultiple nebul®. In the cases of double stars examined, it is 
iwbable that in no case does the comparison represent an addition 
fe the original system. 

K . 21. Most of the variable stars which have been observed 
H^ng to those classes of bodies which I now suggest are uncon- 
jiftsed meteor- swarms, or condensed stars, the light of which is 

extinct, round which a swarm (or swarms) is circulating. 

* vol. xxsi, p. 26 . 
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22. AH sregular Taiiability in the light of cosmical bodies is 
cansed by the revolution of one swarm or body round another (or 
their common centre of gravity). The revolution of a secondary 
swarm is in an eUipse, and the maximum occurs at periastron ; in 
the case of condensed bodies the minimum is produced by the 
secondary eclipsing the light of the primary. 

23. AH irregular variabOity in the light of cosmical bodies 
is caused (a) by the revolution of more than one swarm or body 
round another (or their common centre of gravity), or (5) by the 
interpenetration of meteoritic sheets or streams. 

24 New stars, whether seen in connection with nebulre or 
not, are produced by the dash of meteor- swarms; the bright 
lines seen being, in the majority of coses, low-tempcx-aturo lines 
of elements the spectra of which are most brilliant at a low stage 
of heat;^ the same lines are seen in comets and other uucoudensed 
swarms. 

26. The rdativdy smaU number of bodies in Group VI. seems 
to suggest that in the part of space open to our inquiries, IkhUcs, 
of which Hie temperature is increasing, are more numerous than 
those in which the temperature is being reduced. 

26. There may be an action in space, away from laigo col- 
lections of matter, which gradually reduces the cc)inplo.xity of 
chemical forms. 

27. In recorded time there has been no such thing ns “ a world 
on fire,® or the collision of masses of matter as laigo os Ujo earth, 
to say nothing of masses as large as the sun ; but the indicated 
distribution of meteorites throughout space indicates that such 
collisions form an integral part of the economy of nature. 

Special Solar AppliecUiona. 

a. Kie view that many solar phenomena are produced by 
meteoritic falls on the sun's surface is greatly strengthened by the 
result of the present inquiry. 

^ liong pniod TMiablM an ban axoloded. Tha nduotion of all tha obiamtloiu 
axlairt ott itaw ttua ia naatl^ oomplata, and antlnly baat out tba atatamant 
above. ■ 
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The solar spectrum can be very fairly reproduced (in some 
parts of the spectrum almost line for line) by taMng a composite 
photograph of the arc spectrum of several stony meteorites, chosen 
at random, between iron meteoritic poles. 

7 . The carbon which originally formed part of the swarm, the 
condensation of which produced the solar system, may either have 
been repelled, as it is repelled from comets, or it may have 
been dissociated by the high temperature brought about by con- 
densation. 

S. The indications of carbon which I discovered in ISY-t {JRoy. 
Soe. Proc., vol. xxxviL p. 308) will go on increasing in intensity 
slowly, until a stage is reached when, owing to the reduction of 
temperature of the sun and the reduced repellent action which 
follows from it, the chief absorption will be that of carbon— a stage 
in which we now find the stars of Group VI. 

e. At the present time it seems probable that among the chief 
changes going on in the solar spectrum are the widening of K and 
the thinning of the hydrogen lines. 
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SEE OHAPTEES XXXVI AND XLIII 
SHOWING THE STAES IN DUNSe’S CATALOGUE AERANGBD IN SPECIES 


S]oe(yte$ 1 . 


No. of Star. 

Bands Visible. 

(ir,o) ' 

Narrow band in tlie red and a wider one in tbe green. 


S]pedes 2 . 


No. of Star. 

Bands Visible. 

(66) 

% 3, 7. 

(93) 

2, 3, 7 ; pcrliaps 4 and 5. 

(S20) 

3, 7. 

(233) 

2,3,7. 

(246) 

2, 3, 7 ; possibly 4 and 5. Feebly developed. 


Species 3 . 


No. of Star. 

Bands Visible. 


Bands weidc $ 2, 3, 7, 8 best Tisible. 

2. 3} 7j 8* 

2, 3, 7, 8 5 weak. 

2, ^ 7, 8. 

$. 3, 7, 8| nanow. 

S, 3tv««> 7a8dJ3aMwall*ean. 
i, 3, 7|8! BOtTacyatm^. 
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J^eoies 4 


No. of Star. 

Bands Visible. 

■hI 

fEM 

2, 3, 6, 7, 8. 

2, 3, 7, 8 ; possibly also 4 and 6. 

2, 3, 7, 8 ; narrow ; 4 and 5 suspected. 


Species 5. 


No, of Star. 

Bands Visible. 

(89) 

(163) 

(164) 
(178) 
(253) 
(268) 
(267) 
(271) 

2, 3, 7, 8 ; 4 and 6 very weak. 

2, 3, a:^ 7 wide ; 4, 5, 8 pale. 

2, 3, 7, 8 narrow ; 4 and 6 very narrow, 

Peebly developed ; the six ordinary bands feebly visible. 

The six ordinary bands are plainly seen. 

The six ordinary bands, but not very strong. 

2, 3, 7 well marked ; 4, 5, 8 pale. 

The six ordinaxy bands, feebly developed. 


BTo. of Star. | Bands Visible. 


2 — 8 ; wide and dark. 

2 — 8 ; 4 and 5 latker weak. 

2 — 8 ; strong and wide. 

2 — 8 ; well marked. 

2 — 8 ; wide and dark. 

2 — 8 5 wide and dark. 

2 — 8 ; well marked: 

2 — 8 ; wide and dark. 

2 — 8 ; well seen but not very strongly marked. 

2 — 8 ; wide and dark. 

2 — 8 ; wide and dark. 

2 — 8 ; wide, but not very dark. 

2 — 8 ; wide and dark in the red and green-Uue. 

2—^ f well developed, especially in the blue^^green. 

2 — 8 ; wide and dark. 

2 — 8 ; dark but narrow. 

Bands plaMy seen, but they are very pale, except 7 and 8# 

2 — 8 5 wide and dark. 

2 — 8 ; wide and dark, 7 and 8 strongest. 

2 — 8 ; dark, but not very wide. 

2 — 8 ; dark, but rather narrow. 

There are seven bands, wide and rather dark. (I assume these 
to be 2 — 8.) 

2-— 8 ; wdl seen, not remarkably wide. 

2—8 ; very distinctly visible,- 4 and 5 weak and narrow. 
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Species 7. 


No. of Star. 

Bands Visible. 

(34) 

2 — 9 , pretiy wide and dark, especially 7 and 8. 

(97) 

2 — 9 ; very darJc^ rather narrow. 

(116) 

2 — 9 ; wide, especially in the blue. 

(143) 

2 — 9 ; wide and dark, especially in green-blue. 

(181) 

2 — 9 ; very wide and dark, especially 7 and 8. 

(196) 

2 — 9 ; 7 and 8 especially strong. 

(339) 

2 — 9 ; very wide, but rather pale ; 7 and 8 very wide and 
dark. 

(341) 

2 — 9 ; well seen. Those in green-blue wide and strong. 

(349) 

7, 8, 9 are very wide and dark, others very narrow. 

(382) 

2 — 10 ; wide and dark, especially in the blue. 

(366) 

2 — 10 are seen. 

(269) 

2 — 9 j very dark, but not very wide. 

(270) 

2 — 6 j wide and dark, especially those in the blue. 

(278) 

2 — 9 ; wide and dark, especially in the blue. 

(284) 

2 — 9 ; wide and dark, especially in the green-blue. 


Species 8. 


No. of Star. 

Bands Visible. 

(16) 

(29) 

m 

(88) 

(lOS) 

(108) 

(112) 

(187) 

(161) 

(166) 

(184) 

(286) 

'mi) 

<861) 

2 — 9 j strongly developed, wide and dark. 

2 — 9 ; wide and dark, 

2 — 10 J wide and dark. 

2 — 9 ; wide and strong. 

2-— 9 J wide and dark. 

2 — 9 ; well marked. 

2 — 9 J wide, dark. 

2 — 9 ; wide and dark. 

1 — 9 ; ^de and dark throughout the spectrum. 

2 — 9 ; wide and dark, 4 and 5 darker than usual 

9 — 9 J '^Tide and black, 6 rather wefiik. 

2 — 9 ; well seen throughout the spectrum. 

9 — 9 J wide and rather dark. 

2 — 9 seen ; strong and wide, 

2 — 9 ; wide and dark. 

2 — 9 1 wide and dark. 

2-— 9 ; wide and dark, 

; wide and daik. 

9„^9 ; wide and dark. 

2—9 ; wide and strong. 

2~9 J wide and dark,* but spectrum is not very remarkable, 
2*4,*9 J well marked, wide and dark. 
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^edes 9 . 


No. of Star. 

Baiid8 Visiblo. 

(9) 

(12) 

(20) 

(23) 

(26) 

(37) 

(44) 

(66) 

(66) 

(118) 

(123) 

(148) 

(166) 

(168) 

(162) 

(174) 

(176) 

(176) 

(183) 

(186) 

(204) 

(216). 

(217) 

(221) 

(237) 

(266) 

(266) 

(277) 

(281) 

(293) 

Bands wide and dark. 

Bands wide and dark. 

Bands wide and dark. 

Bands very wide ; those in the green-blue ore dork. 

1 — 9 ; 7 and 8 ^ker than 2 and 3. 

Some of the bands very wide ; 7 and 8 strongest. 

1 — 9 ; very fine. 

1 — 9 ; wide and dark. 

1 — 9 ; very wide and dork ; 6 well seen. 

Banda wide and dork, especially in gi*een-blue. 

Bands wide and dark ; fuU spectrum. 

Bands wide and dark, even in the blue. 

Baud wdl marked and^very wide throughout the whole spectrum. 
Bands wide and daak, even in the blue. 

1 — 9 ; wide and dark. 

Bonds wide and dork. 

Bands wide and dark. 

Bands visible, even in the blue ; nut very dark. 

1 — 9 ; wide and dark. A narrow baud Ixitweeu 3 and 4. 
Bonds well developed, even beyond the blue, but weak in red. 
Bands wide and dork, oven in the blue. 

Bands wide and dark. 

1 — 9, including G, ax*e very wide and dark. 

Bonds wide and dark throughout the spoctruui. 

2, 3, 7, 8 arc strong ; 1 , 4, 6 well seen (G & 9 also most likely theit*). 
Bonds very dark and of extraordinary width. 

1 — 9 ; wide and dork. 

1 — 9 ; wide and dai'k. 4 and G wider than ukuuI. 

1 — 9 ; wide and dark. 

Bonds wide and dark throughout tlie spectrum. 


Species 10 * 


No. of Star. 

Bands Visiblo. 

(4) 

(B Andromedie) 

Variable. 

(18) 

1 — 11 inclusive. 

(28) 

Bands rather pale ; like that of a Orionis, 

(80) 

Bands wide, both in green-blue and red. 

(86) 

1 — 10 ; very wide and dark. 

(91) 

Bands very wide and dark, even in the blue. 

(92) 

1—10 1 very wide and dark. 

, (131) 

1 — 10 ; 2 and 3 wide, others relatively narrow. 

(141) 

1 — 10 ; very wide and dark. 

' (172) 

2 — 10, posaibly 1 ; wide and dark. 

(196) 

1*-10 ; very wide and black. 

(832) 

1—10, 

(839) 

1—10 j very fine^ 
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Sjpecm 11 . 


No. of Star. 

Bands Visible. 

( 5 ) 

2 — 9 ; 3 is very wide. 

(55) 

2 — 9 ; fine. 

(87) 

2 — 9 ; wide and dark, especially 2 and 3. 

(98) 

2 — 9 ; wide and visible, even in the blue ; rather pale. 

(136) 

1 — 9 ; wide and pale. 

(U9) 

1 — 9 ; wide and very dark Bands in the red fine 

(152) 

1 — 9 ; well marked, fine in the red. 

(171) 

2 — 9 ; 2 and 3 strongest 

(177) 

2 — 9 ; strong and wide, especially in the red. 

(191) 

2 — 9 ; wide and dark, especially 2 and 3. 

(193) 

2 — 9 ; 2 and 3 strongly marked. 

(197) 

2 — 9 j wide. 

(199) 

2 — 9 ; very wide and darh, especially in the red. 4 and 5 
are also wider than usual. 

(212) 

2 — 9 j wide and dark. 2 and 3 are the strongest 

(218) 

Bunds wide, hut not very dark, as far as 9. 

(284) 

2 — 9 J wide. 

(245) 

Bands wide, but pale. Strongest in the red. 

(288) 

Bauds wide and pale, hut visible even m the blue. 


S;pecius 12 . 


No. of Star. 

Bands Visible. 

(27) 

(46) 

(61) 

(62) 

(60) 

(78) 

(117) 

(182) 

(l»8) 

(189) 

(183) 

(1««) 

(816) 

(*64) 

2 — 8 ; wide and pale, 

2 — 8, possibly 9. 

2 — 8, possibly 9. 

g — 8, possibly also 9 ; wide, hut not very dark, 
g — 8, possibly 9 ; wide and dark. 

Bands visible even in the blue ; wide but pale. 

2—8 ; feebly developed. 

2 — 8 ; wide, but rather p^e. 

2—8, powibly 9 ; 2 and 3 strong. 

2^8 ; wide and pale. 

Bands wide and dark, especially in the red, 

% — 8, probably also 9 ; red bands darkest 
g — 8 s not very strong, 
g — 8, possibly 9 ; wide, but not very dark. 
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No. of Star. Bands Yiaible. 


2 — 8 ; red bands strongest 

2 — 8 ; 2 and 3 strongest 

2 and 3 pretty strong ; 4 — 8 'wide and pale. 

2 — 8 ; 2 and 3 strongest 
2 — 8 ; 2 and 3 strongest 
2 — 8 ; 2 and 3 strongest 
2 — 8 ; 2 and 3 strongest 

2 — 8 ; 2 and 3 terminated by strong lines, b present 
2 — 8 ; 2 and 3 strongest 
2 — 8 ; 2 and 3 strongest 
2 — 8 ; 2 and 3 strongest. 

2 — 8 ; 2 and 3 strongest 

Bed bands fairly strong ; 7 and 8 weak ; 4 and 5 narrow. 

2 — 8 ; 2 and 3 strong. 

2 — 8 ; 2 and 3 very dark. 

2 — 8 ; 2 and 3 strong. 

2 — 8 ; wide and dark, espeeMly in the red* 

2 — 8 ; all strong, but especially 2 and 3. 

2 and 3 strong and wide, 7 and 8 fairly strong, 4 and 5 weak. 
2 — 8 ; wide and dark, especially in the red. 

2 — 8 ; very pale, except 2 and 3. 

I 2 — 8 ; well Been, 2 and 3 widest 
2 — 8 5 2, 3, 7 strongest 
2 — 8 ; 2 and 3 especially wide and dark. 

, 2 — 8 5 well seen, 2 and 3 strong, 

2 — 8 ; narrow, except 2 and 3. 

2 — 8 ; well seen, 2 and 3 strongest 
2 — 8 ; well seen, 2 and 3 strongest 
2 — 8 ; rather narrow, 2 and 3 widest 
2 — 8 ; 2 and 3 strong, but not very wide, 

2, 3, 4, 5, 7, 8 ; 2 and 3 'wide and dark, 

2 — 8 ; 2 and 3 strongest 
2 — 8 ; well seen, 2 and 3 are the strongest 
2 — 8 ; seen with difficulty, 2 and 3 strongest 
2 — 8 are visible, 2 and 3 darkest 

2— *8 ; 2 and 3 etax>nge6t 
2'*— '8 ; red strongest 

The six ordinary bands are strong, but only those in the red 
are wide. 

The six ordinary bands; 'wide & dark in the red ; 4&0narrow. 
2 and 3 ; rather wide, Also 7 and 8 seen (not well marked), 
2^3 wide& dark; 7 & Srather narrow; 4 dcfi not easily seen. 
Six bands, strongest in the red. 

2 and 3 wide and strongly marked ; the others not so strong* , 
The six ordinary hands axe visible, widest in the red. 

3- — 8 ; 2, 3 strong, the others narrow. 






APPENDIX A 


543 


Sjpedes 14 . 


No. of Stax. 

Bands Yisible. 


(22) 

2—8 are seen, but they are not well marked. 


(49) 

2 — 8 ; narrow and not very dark. 


Im 

2 — 8 ; narrow and not very dark. 


(94) 

2 — 8 ; not strongly marked ; 4 and 6 weak. 

( 

107) 

2 — 8; very narrow.' 

( 

in 

* 

2 — 9; narrow. 


113) 

2 — 8 ; feebly developed. 

\ 

138) 

2 — 8 ; not strongly marked. 4 and 5 are very narrow. 

( 

UO) 

2, 3, 6j *7, 8 ; pale and narrow, feebly developed. 

\ 

142) 

2 — 8 ; not very wide. 

( 

167) 

2 — 8 ; narrow and not very dark. 

< 

169 


2 — 8; narrow. 

( 

179 


2—8 } narrow and not very dark. 

( 

180] 


2 — 8; narrow. 

( 

187' 


2 — 8; weak. 

\ 

260 


Bands plain, but neither wide nor dark. 

1 

(282^ 


The six ordinary bands, but only 2, 3, and *7 are passably wide. 


* In fhis case tlie carljon lias not died out as early as it usually does, so that band 
9 is seen in addition to 9^8. 


Species 16 . 


No. of StM. 

Bands Viable. 

a Orionk 
(96) 
(101) 
(136) 

(189) 

(147) 

(190) 
(826) 
(836) 
(866) 
(879^ 

2 and 3 wide and dark, others feeble and narrow. 

1 — 10 ; rather pale and narrow. 

Bands very narrow ; 2 and 3 strongest. 

2 and 3 very well seen, 7 and 8 weak, 4 and 6 doubtful. 

Bands in the red are wide, the others narrow. 

Bands weak and narrow. Something like the spectrum of 
Aldebaran. 

2, 3, 7 ; otiiers extremely narrow. 

2, 3, 7, narrow bands ; the rest almost like lines. 

Feebly developed 2 and 3 strongest. 

Bands neither '^ide nor dark ; feebly developed. 

Bands seen, but extremely narrow. 

2, 3* 4 and 6 narrow, 

^ _ 


[ - ■ ^ I I nh - 

/ • Tftt ^ are ift all probaTwHtr tee to its grwt 
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IndeJSmMe — Early Stages. 


Bands Visible. 


Bands weak, but very wide, especially in the green and blue. 
Bands wide, esi)ecially in the green and blue. 

Bands wide and dark, especially in the green and blue. 

Bonds dark, but rather narrow. 

Bands wide ; those in the blue are stronger than those in the 
red. 

Fairly well developed ; 4 and 5 narrow. 

Bands wide and dark, especially in the green and blue. 

Feebly developed ; bauds widest in green and blue. 

Feebly developed ; 7 and 8 are best visible. 

Bands wide and dark, especially 7 and 8. 

Bands dark, and wide in the blue and green. 

Bonds wide and dark, especially in gi'eon and bine. 

Bonds wide and dork, especially in the green and blue. 

Bands in blue and green are very wide and dark. 

Bonds wide and well seen, ospecinlly in green and blite. 

Bands wide and strong, especially in tlie green and blue. 

The bands in the blue are very wide. 

Bonds are wide, especially in the green »md blue. 

Bands wide and well seen, especd^y 7 and 8. 

Bands easily seen in green and blue ; feebly developed. 

Bands well seen, especially in green and blue. 

Bonds wide and dork, especially in green and blue. 

Bands visible throughout the spectrum, strongest in green and 
blue. 

Bonds in green and blue are very wide and dark. 

Bands dark and visible even in the blue. 

Bonds visible even in the blue, weakest in the red. 
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Indejimte — Later Stages, 


No, of Star. 

Bands Visible. 

(8) 

Bands pretty wide, and visible even in blue. 

. (10) 

Bands enormously wide. 

■ (14) 

Bands narrow and dark tbrougbont tbe spectrum, but especi- 


ally in tbe red. 

(36) 

Feebly developed, but tbe bands seem to be wide. 

(43) 

Bands enormously wide, but very feeble. 

(47) 

Bands wide, spectrum weak. 

(77) 

Bands wide and dark in tbe r^ weaker in tbe blue and green. 

(80) 

Bands wide, but not very dark ; seen in blue also. 

(84) 

Feebly developed, but 2 — 8 are seen (Dundr’a “feebly 
developed ^ means much developed from my point of 
view, if tbe bands are thin). 

Bands wide, but pale. 

(102) 

(114) 

Bands wide and pale, except 2 and 3, which are strong. 

(119) 

(125) 

Bands wide toougbout tbe spectrum. 

Bands wide sStld palei but visible even in tbe blue. 

(127) 

Bands wide, but very pale. 

(167) 

Bands wide, but pale. 

(163) 

Bands are pale, but visible even in tbe blue. 

(210) 

Bands wide, but feeble. 

(213) 

Bands in tbe red well marked ; 4 and 6 weaker. 

(219) 

Tbe six ordinary bands are seen, but they are rather pale. 

(231) 

Bands not very dark, but wide and visible even in tbe blue. 

(236) 

Bands wide, but weak. 


Totally Indeterriimte, m Acaomt of Absence of Detaiis, 


No. of Star. 

Bands Visible. 

(18) 

(31) 

(68) 

(63) 

(73) 

(79) 

(86) 

(106) 

(128) 

(178) 

(288) 

(S«7) 

. (fiei) 

,, 

Feebly developed. (No details given.) 

Feebly developed. 

Feebly developed ; bands very indistinct. 

Doubtful whether Ilia or IH&. 

Only recognised as Ilia on one occasion. 

Feebly developed. 

Doubtful whether Ilia or III&. 

Feebly developed ; somewhat uncertain. 

Very feebly developed. 

Feebly 

Feebly developed. 

Very feebly developed. 

Very fsebly developed. 

JTee marked. 
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SEE OHAPTEB XLIII (R 499) 

TABLES SHOWING HOW THE MEAN OOLOTJE-NUMBEBS IN END OF 
chapter XTJn HAVE BEEN OBTAINED 


Dnndr’s No. Ooloar. 
% 56 4*2 

93 4-2 

220 2-4 

228 2-4 

246 2-4 

Mean 3*1. 

3. 42 2*4 

53 2-4 

70 2-4 

186 2*4 

196 2*4 

228 4*2 

276 0-6 

290 2*4 

Mean 2*4. 

Bgecies 4. 7 0*6 

95 2-4 

110 2*4 

Mean 1*8. 

5. 89 4*2 

153 2-4 

154 2-4 

173 2*4 

263 4*2 

258 2-4 

287 2-4 ' 


DtmAr's No. Colour, 
271 2*4 

Mean 2*85. 

Bpwm 6. 6 2*4 

19 2-4 

39 2-4 

48 4-2 

67 2-4 

74 2*4 

76 4-2 

83 2*4 

99 2-4 

. 188 4-2 

189 4*2 

194 2-4 

202 2-4 

208 4-2 

214 4-2 

227 2*4 

247 2-4 

254 4*2 

259 2*4 

260 2*4 

273 4*2 

274 2-4 

285 2*4 

289 0*6 

Mean 2*9. 



APPENDIX B 


647 


Dun^i's No. 

Colour. 

Species 7, 24 

06 

97 

2-4 

116 

2*4 

143 

2-4 

181 

6-9 

195 

4*2 

229 

2*4 

241 

4-2 

249 

4-2 

262 

4*2 

266 

4*2 

269 

6*9 

270 

4*2 

276 

4*2 

284 

2*4 

Mean 3*6. 


Species 8. 16 

2*4 

29 

2*4 

67 

4*2 

88 

2-4 

103 

2*4 

108 

2*4 

112 

0*6 

137 

4*2 

161 

4*2 

166 

4*2 

184 

2*4 

216 

4*2 

225 

4*2 

230 

2*4 

242 

2*4 

251 

4*2 

263 

2*4 

278 

2*4 

283 

2*4 

286 

2*4 

291 

2*4 

295 

2*4 

297 

2*4 

Mean 2*9. 


Dunfo’s No. ColoQT, 

Spedet 9. 9 4‘S 

12 6-9 

20 2-4 

23 4-2 

25 2-4 

37 6-9 

44 4-2 

66 2-4 

66 2-4 

118 4-2 

123 6-9 

148 2-4 

156 6-9 

168 4-2 

162 4-2 

166 4-2 

174 4-2 

176 4-2 

176 4-2 

183 4-2 

186 4-2 

204 4-2 

217 4-2 

221 6-9 

237 2-4 

266 2-4 

266 4-2 

277 2-4 

281 2-4 

293 2-4 

Heen 3-9. 

S;peem 10. 4 6-9 

18 4-2 

28 4-2 

SO 4-2 

86 4-2 

91 6-9 

92 7-6 

131 2-4 

141 6-9 

172 5-9 
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Dtm4r*B No. 

Colour. 

196 

4*2 

232 

4*2 

239 

5-9 


Mean 5. 


Species 11. 5 

2-4 

56 

2-4 

87 

4*2 

98 

2-4 

135 

2-4 

140 

4*2 

152 

2*4 

171 

2*4 

177 

2-4 

191 

2-4 

193 

2*4 

197 

2'4 

190 

2-4 

212 

2-4 

218 

4-2 

234 

2'4 

245 

2-4 

288 

2-4 

Mean 2'’7. 


Spedes 12. 27 

2-4 

46 

2*4 

51 

2*4 

52 

2*4 

60 

2*4 

78 

4*2 

117 

2*4 

122 

0*6 

126 

2*4 

129 

2*4 

133 

2*4 

164 

4*2 

215 

2*4 

264 

2*4 

Mean 2*5. 


Dim&r’B No. Colour. 

Speeiet 13. 1 2*4 

2 4-2 

16 0-6 

17 2-4 

26 0-6 

82 2-4 

33 2'4 

36 2-4 

38 4-2 

40 2-4 

64 4'2 

61 2-4 

62 2-4 

64 2-4 

69 2-4 

71 2-4 

76 2-4 

82 0-0 

104 2-4 

109 2-4 

116 2-4 

120 2-4 

121 2-4 

124 2-4 

130 2-4 

132 2-4 

144 2-4 

146 2-4 

146 2-4 

166 2-4 

160 2-4 

182 4'3 

200 0-6 

203 2-4 

206 2-4 

207 2-4 

211 2-4 

240 2-4 

243 2-4 

244 2-4 

268 2*4 

280 2-4 
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Duner’s No. 

Colour. 

287 

2*4 

292 

2*4 

294 

2*4 


Mean 2*4. 

14. 12 

2*4 

49 

2*4 

90 

2*4 

94 

2*4 

107 

2*4 

111 

4*2 

113 

2*4 

140 

2*4 

142 

2*4 

167 

2*4 

169 

2*4 

179 

2*4 

180 

2*4 

187 

2*4 


Bun^r’s No. Colour. 

250 4-2 

282 0-6 

138 2-4 

Mean 2'6. 

Species 16. 41 2'4 

50 4-2 

96 2 4 

101 2-4 

136 4-2 

139 2 4 

147 0-6 

190 4-2 

226 2-4 

235 2-4 

265 2-4 

279 2-4 

Mean 2-7. 
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Adams, period of Novem'ber swann, 188 
Air, and atizora spectra, 71-78, 80-88 
passage of meteorites thiongli, 16, 16 
AtgOl, varialiility of, 47^ 478,487 
light cnnre, 486 

AJlfjjBt iron and nickel in meteorites, 24 
AxuuysiB, speetroseopio, of meteorites, in 
Bnnsen flame, 51 ; ozy-coal-gas flame, 
62 ; electric aro, 58 

Aadronieda, nebula, photograph of, 
Boheriis, 836 

spootrom o^ Fowler and Taylor, 

« 286 

Attgstrdiia, aurora speotrom, 71-74; his 
concltiBlons on the speotmm, 78 ; tem- 
penituro of variable stars, 848 ; speotnim 
of aofllaoal light, 99 
Aphelion, comets at See Comets 
A^ttiuril, Of Group 111, observations, 486 
AilUilflB, Group III, observations, 487 
yf Group III, observations, 486 
AvagO, sliooting-stars, appearance of, 114 
AxaAns quoted, 466 

Atg^Umder-Oeltaen, 17681, observation 
on, 891 

Axgne, variability of, 488 
Y, S]^ram 889 

Atinoiphere, nppw reaches of, oomposi- 
tion, 97 

Awutir County, meteorite found at, 
Moll^ 26 

AttMgfl, h Group XU, observationB on, 485 
Anma, and air spectra, 71, 78 
Inrightneas of, 81 
oanse of reddening, 98 
chemioal substanoes indicated, 84 


cause off 70-78 

comparison of comets with, 222 
resemblance between, 869 
comparison of ^tra» 221 
resemblance of comets’ tails to, 169 
compered with so^iacal light, 99 
remarkaUe, Januarr 1881, 98 
Beoamber 1870. 98 


November 1871, 98 


Aurora, remarkable, May 17, 1875, 99 
November 17, 1882, 99 
spectrum of, 70, 71 

air oomparison, 80 
characteristic line, 78i 87, 

92 

and cometary speotia, 

188 

differs from air spec- 
trum, 88 ^ 

hydrogen comparison, 76 
Lemstrom’s viefws, 79 
meteontic comparison, 97 
nitrogen line, 95 
Norwegian observations, 

98 

origin off 88, 92, 97 
Capron’s remark on, 74 
temperature oi^ 87 
views on, Angstrdm, 78, 74 
l>e^70 
Olmst^ 70 
Gyllenskiold, 81-88 
S^nstCTi 76 
Vogri,72 
Zeiiger, 70 
Zdllner, 72 

bat.t^ Nova Cygni, observation on, 827 
Barium, chief flutings m a skin g efifoot, 
425 

flame Gfpectrum, 85 
Baxendell, on shooting-stars, 114 
Beso^l, on cause of repulsion of comets 
tails, 168 

comet, variability, 288 
swarm, orbit of, 2iS 
Binary stars, dasrification of, 458 

originate in double nebulee, 
460 

Bischol^ observatiou of aurora, 98 
Bismuth, flutings (ff, masking efCBcts, 427 
Bogoslawakl, oome^ the^ of ftlling 
stars, 148 

Bompai, sporadio meteors, 125 
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SotiillatLd, penod of Mira Ceti, 470 
Bredidun, composition of comets’ tails, 168 
types of, 168 

spectra of nebulsa, 282, 316 
Bimseii burner, order of visibibty of lines 
m a, 87 

CANBKB, spectrum of flame of, 41 

flutings visible in, 318 
Capron, aurora, November 1882, 99 

spectrum, remarks on, 74, 76 
ongin of aurorce, 78 
views on pbospboretted band m 
aurora spectra, 77 

Carbon, A and B, wave-lengths, 418 
absorption in comets preceding 
perihelion, 186 
bands 9 and 10, 421 
bands 9, 10, 11, luminosity due to, 
413 

bands in aurorae, Vogel, 96 
brightest band of, in a Ononis, 360 
compounds, spectrum of, 44 
cometary spectra, important element 
m, 212 

y Oassiopei©, spectrum of, 367 
flutings of, masking eflecta, 179 et sea,^ 
425, 427 

hot and manganese, masking eifect 
in cometary spectra, 179, 182 
in three stars in Cygnus, 357 
citron fluting of, in cometary spectra, 
178 

cool, spectrum of, the criterion for, 
174 

in Winneoke’s comet, 212 
hot, spectrum of, 176 
changes from cool to hot, 213 
radiation, comets at penhehon, 188 
near perihelion, 176 
flutings of, 179, 411 
in spectra of comets, 172 
variation of blue band, 46 
increased intensity in variables, 606 
Cassiopeise, 7 , spectrum, 402, 406 
hydrogen, 482 
magnesium, 406 
carbon, 367 

Ceti, o. Group III star, observation on, 435 
0 (Mira), determination of period, 470 
light curve, 484 
historical survey, 467-470 
spectrum of, Pickering, 388 
new observations, 808, 606 
I&pin’s observations, 506 
Chaadler, observation of Pons-Brooks 
comet, 236 

colour-numbers for variables, 492 
Cbladni, probable composition of comets, 
142 

meteors, formation of, 142 
views on meteorites, 142 

shooting-stars, 112 , 142 


Chondxoi, description of, 19, 144 

meteontes composed of, Reichenbach, 
144 

metallic, compared with stony, 103 
terrestrial, 19 

Christie, Coggia’s comet, observation on, 
189 

Great Comet, 1882, 204 
Chromium, flutings of, masking effects, 427 
Classification, of meteorites, Daubi’ee, 21 
stellar, 339 et seq. 

Colours of stars See Stars 
Coma, of comets, 149 
Combinations, chemical, lu meteorites, 23 
Comet, Biela’s, double, 229 

Brorsen’s, at aphelion, spectrum of, 1 74 
carbon, observation, Bredi- 
chin, 213 
Keukoly, 218 
discrepancy of hot carbon m 
spectrum, 208 
return of, Youiil^, 207, 208 
Coggia’s, D*An*est's observation, 182 
‘ Christie’s, 189 

Vogel’s, 203 
description of; 166 

Encke’s, reduced period of 1 evolution, 
236 

1871, spectral changes, 219 
Pons-Brooks’, variability, 236 
Sawerthal’s, variability, 233 
Tein pel's, distance, 140 
Wells’, Copeland’s observation on, 
188, 198 

dark bands in spectrum, Vogel, 
200 

firet appearance, 198 
luminosity, 388 
Vogel’s observations, 186, 198 
probable origin of lines and 
bands, 195 

sodium line in spectrum of 
Vogel, 200 

spectrum of, Copeland, 193 
discontinuity, 201 
early observations, 198 
variability, 233 
Hasselberg’s views on, 240 
WInnocke’s, evidence of cool carbon, 

173 

1877, observation on, 
Lord Lindsay, 209 
1862, III, a meteorite, 188 

elements of orbit, 188 
1860, T, elements of orbit of, 139 
h 1881, Huggins, spectrum of, 190 
observation of, 177 
spectrum at perihelion, 188 
III, 1881, double effect of masking, 186 
observation on, Copeland, 
184, 206 
Haaselberg, 
206 
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1881, spectral changes, 

Great, 1882, colour of nuolens, 205 
Oopelaa^ observations, 
188, 190 

earliest observation, 202 
Vogel's observation, 202 
pea^idion, 192, 234 
probable origin of lines, 
198 

spectral changes, 203, 
220 

. spectrum of, 179, 202 
voaaiBtB, absence of hydrogen m, 860 
action of gravity, 161 
aph^on distances o^ 250 
approach to periheUoii, 151, 175 
lead radiation, 180 
at aphelion, spectra of, 172 
at mean distance, spec^m ot, 174 
at perihelion, carbon radiation, 172, 
188 

cause of bright lines, 191 
spectrum of, 187 

auroras and, comparison of spectra of, 
221, 869 

bright-line stars, connection between, 
858, 869 

change of form, Bodhe, 159 
comparison of orbite of meteors with, 
188 

composition of, probable, Ohladni, 142 
Newton, 188 
Reichenbach, 
144 

Tait,227 

details 0 ^ 149 
distance of visibility of, 280 
earlyspeotroBcopicobBervati(m,l>onati, 
226 

dements of paths of meteors and, A. S. 

Herschel, 140 
head, composition of, 146 
theoretical construction, 164 
irregular luminosity, 285 
Jets, 151, 154, 155 
letter to Abbe Cesaris, Maskelyne's, 
141 

luminosity old view, 226 

origin of, Haaselberg, 280, 289 
Reichenbach, 227 

luminosity, three kinds of collisions, 

287 

maaganese^ 686 ; absence 864 
mass, Tait, 227 

meteors and, connection between, 142, 
145 

mixed flniixig group stars, comparison, 
862, 869 

nebuhe and, comparison of spectra, 
288, 290, 869 
nuclei, multiple, 152, 153 
number of tails, 150 


Comets, origin of, 141, 247, 869 
orlnts of, dimensions, 245 
perihdion distances of, 281 
preceding perihdion, lead absorption, 

184 

masking effects, 

185 

receding from perihelion, sequence of 
changes, 217 

spectra of; absence of manganese, 859, 
540 

spectra of auroras and, individual 
observations, 223 

spectra compared with met6orites,65 
D) and h absent, 292 
hydrogen linesinvisible, 291 
Young’s views on, 178 
spectral changes, sequence, 211, 212, 
215 

tails of, 149, 150, 287 

canse of repulsion, 168 
composition of, 168 
curved, cause of, 165 
phenomena l^t, 228 
resemblance to anroTss, 169 
transparency of, 151 
views on, R^e, 168 
telescopio view of, 148 
vapours given out by, 287 
velocities of the meteorites in, 228 
views on, Chladni, 142 
HaRey, 141 
Mafiikelyne, 141 
Schiapai^, 258 
visibility ot, Hind, 280 
Compounds, carbon, spectra 44 
gaseous, in meteorites, 25 
Condeasation, phenomena in Group H, 
420 

Copdaad, observation on Brorsen’s comet, 
208 

comet spectra, 178 
Comet Wdls, 188, 198, 199 
Comet in, 1881, 184, 206 
Great Comet, 1882, 186, 190, 202 
7 Argos, 891 
nebula spectra, 288 
carbon bands in a Nova, 508 
Coulvier-Giavier, views on meteorites, 
125 

Crawford (LordX observation on new star 
in Cygnus, 1877, 826 
Qnurfe on meteorites, 18 
CoxTO, temperature^ 874 
Coxyes, light, forms of; 461 
Oygnl, a, 7 , 6, Group HI, observations, 
487 

X, variability o^ KiXch, 471 
P, lni0t-line star, Pidkering, 409 
B, Rain’s observations, 505 
XJ, Knott’s observations, 519 
Oyg&us» 1st, speotmm of, 895 
2d, speotrom ot, 899 
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Cygnufl, 8d, spectrum of, 401 

stars in, sequence of temperature, 407 
line 636, Vogers views on, 408 
spectrum, Fowler, 856 
carbon 617 in spectrum of, 367 
variability of D, 388 

DRABBEST, observation on Coggia’s comet, 
182 

on nebulse, 281 

Darwin, Prof, G., application of tbe 
kinetic theory of gases to meteor 
swarms, 325 

Danbrde on explosion of meteorites, 16 
classification of meteorites, 21 
Denning, meteor showers, 186 

be^nning-heights of meteors, 68 
Densa, remarks on aurorae, 70 
Draper, Orion nebula spectrum photo- 
graphed, 284 

Diuidr, observations on Class lIItK, general 
discussion, 410 

discussion of individual observations, 
418 

results of discussion, 421 
observations on a Orionis, 349 
colour notation for variables, 498 
Dust, metoontie, possibly causing aurora, 87 
Groeneman’s views, 78 

Elements, chemical, in meteorites, 22 
spectra of, maps of, 84, 36 
sequence of various bauds, 424 
tables, 83 

Ellery, observations of y Argus, 889 
Encke’s comet, 236 
End-on tubes, use of, 42 
Envelopes, cometary, relation to jets, 166 
Espin, observations on variable stars, 605 
Evolution, line of, in Group U, 421 
Explosion of meteorites, Him’a views, 16 
Daubr^e's views, 16 

PABBICUUS, observations of Mira, 467 
Pall, meteontic, accompanying pheno- 
mena, 63 

Prof, H, A, Newton 
on, 9 

in Alsace, 5 
in Berkshire, 6 
in Devonshire, 6 
in Ireland, 7 
near MazapU, 9 
in Phrygia, 4 
at Thwing, 7 
in United States, 9 
Palling stars. See Shooting-stars 
Faye, comets, distance of visibility of, 280 
tail of, cause of repulsion, 168 
construction for obtaining 
curvature, 166 

Plnlay, Great Comet of 1882, observations 
of, 284 


Fireballs. See Shooting-stars 
Flamsteed, Algol, periodicity of varia- 
tions, 473 

Fluting, bright, produced by contrast, 
410 

paling of, cause of, 420 
Fowler, observations of spectrum of stars 
m Cygnus, 866 
Andromeda nebula, 286 
o Herculis, 361 
nebula in Onon, 317, 818 
Mira Oeti, 361 

Fraunhofer, observations on star spectra, 
840 

Fnllenius observes Mira, 468 

Gases, occluded, 26 

Wright's observations, 26 
Glows, meteoritic, sodium hues in, 388 
Goodricke, Algol, penodioity of, 473 
jS Lyrte, observations on, 478 
Gore, catalogue of variables, 480 
Gothard, observations of j8 Lyres, 404 
7 OassiopeisB, 404 

Graham, experiment with Lenarto meteor- 
ite, 26 

Greig, determination of radiant pomts, 
140 

Groenemaa, observations of aurorm, Nov. 
1871, 98 
Nov. 1882, 99 
meteoritic dust theory, 78 
Group I, distinction between Group IT 
and, 379 

subdivisions of, 384 
sub-group, bright-line stars, 886 
Group II, absorption flutings and bands 
m, origin of, 416 
0 Oeti, observation on, 605 
classification mto species, 424 
conditions of variability, 489 
distinction between Group I and, 880 
distinction between Group HI ancL 
880 

specific differences in, 480 
stars of, colour condition, 602 
subdivisions of, colour numbers corre- 
sponding to, 499 

sub-groups and species, 410 €t eeq* 
variables, irregular, 608 
vanable stars, bright hydrogen, 604 
various species of, chaxactenstica of, 
427 

Group in, condensing swarms, far con- 
densed, 482 

distinction between Group 11 and, 880 
distinction between Group IV and, 
380 

line 640 due to manganese, 448 
passage firom Group II to, 484 
prominent lines in, 488 
sequence of phenomena, genMl state- 
ment, 482 
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Group m Bequence of spectra in, 441 
some lines special to, 448 
sp^c differences in, observations re- 
ferred to, 484 
sto, 485-488 
tbiol^a of P and B, 488 

intensity of lines in, 440 
I ^ observations. 488 
oistinction between Group m and. 
380 ^ ^ 

Grwp V, distinct characteristics, 880 
Group VI, distinct charaoteristica, 880 
yanaMty of -bodtes in, 488 
Groups I and H, connecting imlr be- 
tween, 414 

variability of bodies in, 477 
Land VH, colour of stars in, 448 
in» and V, criteria from observa- 
tions between, 442 
variability of bodies in, 485 
waaienan, comets* tails, resemblance to 
aurora, 169 

OyUenaWld, views on aurora, 81 
observations, 88 


SAUUBY, views on comets, 141 

nebnl^ and 
shooting-stars, 

« 112 
Eajaolbetg, observation on Comet HL 
1881, 206 

luminosity of comets, 289 
Comet Wells, 240 
spectrum of native pole, 74 
spectrum of hydrogen, 47 
BaronUs, a, Fowli*s observations on, 861 
Sambhal (Sir W.), nebules, olassifioation, 
268-270 

observations on, 259 
views on, 260-267 
planetary nebuhe, 381 
spheroidal nebuhe, efEects of subse- 
quent rotation, 885 
(Sir John}, views on Jets and envelopes 
of comets, 164 
Messier’s nebuls, 272 
planetary nebula^ 881 
ring nebulaa, 270 

(Col Johnl, observation on lightning,95 
(Lieut J.) Orion nebula, 279 
(Prot A* S.}, aurora, Nov. 1882, 99 
^umsl and annual distribution of 
meteors^ 181 

elements of meteors and comets, 140 
estimation of weight of meteors, 64 
magnesium lines in meteors, 66 
sebuUt oanse of light of; 326 
radiant points, determination oi; 140 
rsenlts on first appearance of sbootlng- 
itar, 67 

moradio meteors, 126 
BmUna, observations on Mira, 467i 469 
miUt oomsts, visibility of, 280 


Hind , variables, haziness oi; 476 
Hl^ explosion hypothesis of meteorites, 

Edlwarda, periodical changes of light of 
stars, 468 

Huggins, Brorsen’s comet observations, 
207 

nebulas, origin ot 278, 824 

spectra of, 276, 288, 296 
on planet^ nebnlas, 881 
Comet 6, 1881, ^ectrum ot, 190 
Humboldt observation on shooting-stars, 
118, 118 

Hydzooarbon, characteristio fluting of, 44 
Hydrogen, absence of, in comets, 360 
absorption ot Group IV, 442 
bright, in variable stars of Group II, 
604 

F line importance of observing, 484 
method of supplying, 47 
low temperature spectrum of, 46 
period in /3 Lyras of hues of, 482 
periodicity in y Cassiopeias of lines of, 
482 

phosphoretted, spectrum ot 77 
spectium ot aurora comparison, 76 
variability of F line of, 48 

XtrESSSPAOES, extreme conditions, con- 
siderations, 418 
reduction ot ra^rolts, 417 
Iowa, meteorite composition ot Wright, 
26 

IroaD, absorption, in comets preceding peri- 
helion, 186 

alloys in meteorites of niokd and, 24 
lines ot in spectra of metemites, 60 
spectrum of pure, 66 

"Iroiui** and ** stones,’* difference be- 
tween, 18 

oTiATninii.1 analysis ot 96 

chanuiteriBtiGS ot 26/ 
d’Octibbeha County, composition ' ot 
27 

general appearance of, 18 
low temperature spectrum, 62 

JBTB, oometaiy, 161 

variation in form ot 164 
Sir John Hersbhel’s views on, 164 
Junquia, observations of Mira, 468 

igBPT.un, views on shooting-stars, 112 
comets, 141 
comets’ tail^ 162 
views on MirS, 467 
BSroh, X Oygid, variability ot 471 
Kirkwood, on August swarm, 242 
origin of comets, 247 
aphelion distances of comets, 260 
November meteors, 146 
Knotty light curves, 484 
observations, 4^, 617 
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KonlEoly, meteor of July 1873, observation 
on, 65 

Brorbcn’s Comet, 1879, observations 
on, 174 

y Cassiopeiaj, observations, 404 

LALANDE 13412, spectrum of, 393 
Laussedat, meteor pntlis, determination of 
kngtli of, 68 

XiOady absorption of, in comets near peri- 
helion, 183 

radiation of, comets approaching peri- 
helion, 180 

spectrmn of, inagnesiuni and nitrogen 
coinpansoii, 300 

Lefiroy, description of aurora, May 17, 
1876, 9i) 

Lematebm, aurora Hjiectrutii, 79 
Lenarto, muiconti*, comparative oxperi- 
mwit, Omharn, 26 

Iieonids, attnirted by Uramts, Le Yemer, 
249 

brilliancy, variation in, 123 
(hMiRity of ring, 123 
orbit of, 116, 124, 243 
Xi6 Sueur, Onmi nebula, spectroscopic 
obscrvntioii, 280 

Le Verrier, views on Ijconid swarm, 219 
Lichteubergh, dinviion of hhooiing-KtnrH, 
112 

tight, /.odim^at and, utirora compared, 99 
spectrum of, 09 

curve usisi to represent life of a star, 
451 

of variable stars, 485, 517 
Xiightuing, Hpectrum of, Ehu'scbcl, 95 
Schuster, 94 

Lindsay (herd), obsemtiou on Wm- 
neche’s eoiiirt, 209 

Llvaing ami in* war, wave-lengths of nmg- 
iieHiuin flutiugs, 299 

Lohie, observutiou on Brorsen's comet, 
208 

nebuhp, 283 

Lundnosity, muteoritic comnienoeinent of, 
64 

Lyra, ringnebuk in, spectrum of, Vogel, 281 
Lyn», a, Group iV, olmervatioiiK, 438 
/?, hydrogen lines hi, period of, 482 
light curve, 483 
originates in two swarms, 517 
Qoodriche's observation on, 478 
spectrum of, Gothard, 404 
Lyrid I, radiant point, motion of, 117 

HAOHBSnW b line of, Konlcoly, 65 
dutlng of, at 500, effect of masking on, 
425 

in y Casiiopeim, Sherman, 406 
comets near |)erlhe]ion, 175 
changes in spectrum of, 89 
effect of temperature on spectrum of, 88 
in Comet III, 1881, Hasselberg, 206 


Hagu^si™ meteorites, 60, 297 

radiation, in cometary spectra at peri- 
helion, 188 

spectrum of, experiments with, 319 
in nebula of, Orion com- 
parison, 310 
nitrogen ami lead com- 
parison, 300 

Mallet, Augusta County meteorite, 26 
Manganese, absorption of, in comets lire- 
ceding perihelion, 181 
540, abseucc m comets, 359 
558, observation of, in comets ap- 
proaching perihelion, 182 
586, in comets, absence of, 364 
chief dutings of, masking effect, 425 
hot carbon and, masking effect, 182 
nodules, analysis of, 105, 106 
radiation of, masking elfcct m spectra, 
179 

Maxaldi, observations of Algol, 472 
Maskelyme, Br., letter to Abbe Oesaris 
on coniots, 141 

N. S., origin of meteorites, 141 
on thumb-marks, 14 
Marking, oifects of, cause of, 387 
main results of, in Group 1 1, 425 
Maunder, observation on Ibmet Wells, 198 
Orion nebula, 284, 316 
Meteor, of Orema, Heptember 1511, 111 
July 1873, Koukoly's observation of, 
65 

swarms, views of Schiaparelli, 253 
Meteors, August, dimensions of orbit, 123, 
138 

comparison of orbits of comets with, 138 
Clhladiu’s v«‘W of formntlon of, 142 
frequency of appearance, 120 
luminous, cxtnwd from B.A. Com* 
mlttco Jleport, 145 
lummmis, hourly numlicr, 134 
magnesium lines in, 65 
Novemlmr, elcuients of orbit, 189 
varialilllty, 146 
paths of, 110 

showers of, Denning^s notes on, 136 
duration of, 117 
spectra of, 64 
sporadic, 118, 126, 185 
systamatic or periodic, 118 
telescopic, 184 

velocities of, H. A. Kewton, 182 
velocity of, 68 
MiraCeti. SeeCetio 
Montanari, observations of Algol, 472 
Movement, rate of meteorites through air,l 6 
Murray on deep-sea deposits, 101, 102 
manganese nodules, 104, 105 

MBBUIiA in Andromeda, carbon bands in, 
824 

Boberts's photo- 
gMph, 887 
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Nebula inVulpecula (Dumb-bell), spectrum 
of, 814 

in Onou, spectrum ojE; 276, 298, 806 
magnesium com- 
parison, 810 
Sunder, 816 

NebulflS, association of meteorites with, 
Tait, 325 

classification of; Herschel, Sir W., 268- 
270 

oometic, 888 

and comets, comparison of speotra, 
288, 290 

resemblance between, 
869 

D line of sodium, no record of, 888 
globular, final stage of formation, 834 
suggested origin of, 884 
historical notice, 257 
light of, cause of, Herschel, Ptofi A., 
826 

lines in, method of observing, 808 
Dumb-bell, Sir John Hersch^’s v^ws 
on, 272 

observatioDs, Sir J. Herschel, 259 
origin of, di^not from that of stars, 
Huggins, 824 

plonetcuT', Sir W. Herschel, 881 
Sir J. Hersch^ 881 
Huggins, 881 
Lord Hosse, 881 
proposed origin of, 882 
spectrum of, Secchi, 815 
regulor forms of, grouping, 880 
rlng^ views on, Herschd’s, Sir John, 

species of, 885 
spectrum of, 296 

Bredichin’s observation, 
282, 816 

chief lines in, 286, 295, 
805, 811, 814 
Oo|^ind’s observations, 

D’ Arrest's observations, 
281 

D3 and b in, 292 
Huggins's observations, 
278 

hydrogen lines visible, 
291 

Lohse's observations, 288 
new observations, 285, 
294 

Vogel’s observations, 280 
Winlock's observations, 
279 

spiral, 886 
spheroidal, 835, 886 
temperature of, 482 
variability of, 481 
views on, Halley, 257 

Sir W. Herschel, 260-267 


Nebnlse, views on, Huggins, 278 
variability conditions in, 481 
Newton, Sir 1., views on Novm, 472 

variables, 472 

Newton, H. A., extract from a lec^ire on 
falls by, 9 

comets are meteorites, 188 
density of Biela swarm, 135 
luminous meteors, number of, 184 
old records of Leonids, table of, 120 
orbit of Peiseids, dimensions of, 128 
first appearance of shootiojyr-star, 67 
shooti^-stors, cosmic origin of, 247 
early record of, 119 
i^oradic meteors, 125 
velocities of meteors, 182 
Niokd, alloys in meteorites of iron and, 24 
variability in sidentes, 27 
Nitrogezi, spectrum of, magnesinm and 
lead compari- 
son, 800 
wave-length of 
lines in, 295 

Nodules, manganese^ 104 
analysis oi; 105 
origin of, 105 
spectrum 0^ 106 

Nordenskjbld, examination of Stdlldalen 
meteorites, 27 
Nov«, origin of, 827 

sudden appearances of, Newton's views, 
472 

November swarm, elements of orbit, 182, 
183 

Nucleus of comet at perihelion, spectrum 
of, 187 

of meteor, spectrum of, 66 

OBBBMKTBflHBN, meteorite, spectrum of, 55 
Olbers, on repulsion of comets’ tails, 162 
Olivine, presence of, in meteorites, 25 
Olmsted, diurnal motion of radiant point, 

117 

cause of shooting-stars, 114 
views on aurora, 70 

Ophinotal, p, Group HI, observations, 436 
X, Group 111, observations, 436 
Oppolser, elements of comet, 1866, 1, 189 
comparison of meteor and cometary 
orbits, 189 

Orion, nebula, spectroscopic examination 
0^ 276, 806 
816 

magnesium comparison, 
810 

spectrum, photographed, 
Draper, 284 
Huggins, 288 
observations of, Fowler, 
317, 818 

Lieut. J. Herschel, 279 
Le Sueur, 280 
Maunder, 284 
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Orion, nebula, observations of, Lord Ox- 
mantown, 279 
Secchi, 277 
Taylor, 286 

Orionis, a, Dun4r*s observations, 849 
OxmaJitown (Lord), nebula in Orion, spec- 
troscopic observations, 279 
Oxygen, negative pole spectrum of, 76 

PEOHULE, blue star, observation on, 448 
views on Vogel’s stellar classification, 
346 

Pegasi, €, Group III, observations, 436 
Perihelion, comet after, greatest bnlliancy, 
188 

coinetsapproaching,spectrum,161, 175 
comets at, effects, 161 

spectrum of, 187 
Comet 5, 1881, spectrum of, 188 
Persei, ft Group III, observations, 437 
Pmeids, radiant point, 117 
Pickering, observations of Argelander- 
Oeltzen 17681, 891 
Lalande 18412, 898 
Mira, 388, 486, 605 
P Oygni, 409 

on causes of variability, 474 
Pittings on meteorites, possible cause of, 14 
Pleiades, photograph of, 466 
^ structure of, 466 
Pleione, spectrum of, 466 
Pole, negative, spectrum of, 74 
_ ^ , oxygen at, 76 

Pons-Brooks, comet, variability, 234 
Pritchard, on shooting-stars, 129 


EABLfiOT point, 115, 140 

apparent positions of, 122 
diurnal motion of, 117 
of Perseids, 117 

BaiUard, auroraand comets, connection, 142 
comets and meteonsi, connection, 142 
l^lchenbaoh, origin of comets, lumin- 
osity, 227 

chondroi in meteorites, 144 
shooting-stars, cometary theory, 148 
Beinsoh, on varnish on ** stones,” 27 
M4mrd, deep-sea deposits, 101, 102 
masgauese nodules, analysis of, 105 
Eepnlsion, solar, effect on comets, 859 
Beepighl, obsemtions of y Argus, 889 
zodiacsl 99 

Bobart% Mtm ia Asdiunisda, 827 
O)Klait<M0 
VBipMub, 887 
^ ,7 BmdM, MS 
Boetw, (m cwmtii, obmm of tom, IBO 

pnbmt «sutaiiotlon 
oflnM, X64 
ttom m cmiMrtt’ taili, 
1<8 

Mom on, 878 

on phorntr nalmm, Ml 


Bndbei,^, aurora, December 1870, observ 
ation, 98 

Eutherfurd, stellar spectra, classification, 
841 

SAWEBTHAL’S comet, 233 
Schiaparelli, comets, views on, 370 
conclusions on matter m space, 252 
Leonid swarm, researches on, 244 
meteor and cometary orbits, compan- 
son of, 188 

meteors, movement of, 182 
November ring, orbit of, 132 
shooting-stars, cosmic origin of, 247 
sporadic meteors, 125 
velocities of meteors, 182 
Schmidt, luminous meteors, hourly num- 
ber, 134 

Schuster, aurora, spectrum of, 76 
spectrum of lightning, 94 
Sea, deep, deposits, 101, 102 
Secdhi, observations of y Cassiopeim, 402 
Brorsen’s comet, 206 
nebula of Orion, 277 
planetary nebulai, 816 
stellar spectra, classification, 342 
Section, microscopical, jot a meteorite, 12 
Sequence of spectra in comets, 21 1 
Group II, 427 
Group HI, 441 

Sherman, observations on y CassIonei«e, 
404, 406 

Shooting-stars, cause of, Olmsted, 114 
colour of, 66 

cometary theory, Boguslawski, 148 
Reichenbach, 148 
cosmic origin of, 246, 247 
determination of lengths of visible 
paths, 68 

direction of, 112, *121 
early records of, 119 
end-height of; 68 
estimation of weight of, 64 
HumboIdt*8 observations, 118, 114 
height of first appearances, 67 
I^eonida, direction of motion, 121 
old records, 1202, 119, 128 
of Leonids, 120 
orbits of distribution of; 124 
origin of, 112 

paths of, explanation of, 122 ^ 
Perseids, direction of motion, 121 
radiant ptoint, 114 
spectra of, 64 
velocity of, 67, 182 
views on, Ohladni 112, 142 
Kepler, 112 

Siderites, variabmty of iron and nickel In, 
27 

Smoke, origin of, in explotiotts of mcteer - 
Itee, 17 

Sodium, B line absent while areen 19ee 
visible, $87 
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Sodium, green line, 387, 388 

lines of, in meteoritic glows, 388 
Spark, arrangement for making an electric, 
58 

Jor, spectra of meteorites at tempera- 
ture of; 58 

quantity, lines of metals in meteorites, 
58 

spectra of meteorites in, 55 
Species in Group IX, characteristics of; 427 
in Group III, 432 
Spherules, in “stones,** 19 

magnetic, examination of, 102 
sUicate, description, 104 
StttUdalen, meteorite, 27 
Stars, binary, colour classification, 463 

colour OlosscM I-Y, 454-459 
components of, 449, 450 
conclusions, 460 
origin of, 447 
bright-line, 861 

- absence of magnesinm 

500, 300 

and comets, connection 
between, 358, 369 
and nebulae, 379 
discussion on spectra of, 
388 

hydrogen in, 353 
origin of, 356, 366 
spectra of, 355 
sub-group of Group T, 386 
classification, 380 

Groups I and If, dlstine- 
tion between, 879 
Butherfhrd, 841 
Seoohi, 842 
Vogel, 845 
colour of, groups, 448 
colour and magnitude relations, 447 
and ntoas, 449 
-elasses, 468 et »eq* 
general classification of, 879 
grouping of, general statements, 878 

^ Mg. 

mixed bright and dark flutlngs, origin 
of, 866 

mixed fluting group, cool carbon 
absent, 868 

mixed fluting group of, comparison 
with comets, 862, 869 
multiple origin of, 447 et $eq, 
origin of; new views on, 860 

oljeotloM to old view, 852 
rsUtlve ages of, zAlner, 842 
sfRiet of repulsion on spectrum of; 859 
wletkn inlihicbiiii of Hand K, 878 
temperatnm of, 848 
variabls. See Varlablss 
**8togDt«s,*’ carbonaceous, gensral appear- 
ancsof,24 

composition of, 18, 25 
examination of; 19 


Stones, varnish on, 27 

and ** irons,** difference between, 18 
Sun, spectrum of, firom K to JD, com^iared 
with spectrum of meteorites, 55 
Snndell, spectrum of air, 80 

Tails of comets. See Comets. 

Tait, views of comets’ constitution, 227 
masses of comets, 227 
origin of comets* tolls, 228 
associate*! meteorites ^th nebulm, 325 
Tauxi, a, Group fif, observation on, 485 
Taylor, spectrum of Andromeda uelmla, 
285 

Orion nebula, 286, 317 
Tempers comet, 140 
Temperature cmr\'c, 374 

position of Vogel's Class Her, 378 

Class Ifitf and 
ClniiH 1116, 876 

Thumb-marks on metuoritos, 14 
Tubes, end-on, nse of, 42 
Tattle's comet, 140 


VA&lABXtfZTT, various conditions of, 478- 
480 

regular, cause of, 475 
irregular, causes of, 475 
bmlies of Gnnijw I and If, 477 
Bottillnud's views, 470 
causes of, Zcdlner's view, 473 

Newton’s views, 472, 476 
ftir W. Herschers views, 474 
Maupertuis’s views, 474 
Pickering’s views, 474 
Varlablei, amngement in groups, 490 
bright hydrogen in Group 11, 504 
early observations by Fabrioiua, 487 
Kepler, 467 
Heveliui, 469 
Holwan^ 468 
Junquis, 468 
Kirch, 471 
Qoodriokf, 472 
imgular. Group If, 508 
relation of colour to period, 492; 502 
ooloar notation for, Z^B4r, 498 
Ohandlar. 498 
obstfvatioDs 0 B,.B!kpin, 606 
teaperatttre of Angriabm, 848 
eatidogue of, Gore, 480 
Tanriah, on “stones,” 27 
Vttooltgr, highest meteoritic, 15 
TbdUUttw, ordar of Uses is •peotmai, 87 
Tofil, views on tomiL 72 
eriiriitemfc 66 

ohcKS^bnrilSSa, 202 

1-1 ^ 
aebnUi, 280, $15 

ringnabolainliyni, 281 

Aq[i!sadeaM)el^ 17661, $91 

1st OmiW, $95 
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Vogel, 8d Cygnus, 401-408 
y Cassiopexoj, 402 
Lalande 13412, 303 
stars, classification of, 346 
position of Class Illft in his clossifica- 
tion, 376 

Vnlpeoiila, Burab-bell nebula in, spectrum 
of, 314 

WARTMANK, velocities of shooting-stars, 
132 

Weights of largest meteorites, 20 
of meteorites, how estimated, 64 
variation m, 20, 64 

Wells, Comet, luminosity produced by, 388 
variability, 233 


WidmanstAtten, figures 18, 26 
Winlock, s^MiGtra of nebnlce, 270 
Wdf and Kayet’a three stars In Cygims, 
spectrum of, 396 
variability of B, 388 

Wright, on composition of Iowa meteorite, 
26 

on occluded gases m meteorites, 26 

TOOT0, aurone and cometary spectra, 183 
views on cometary spectra, 178 

ZBNtJER, observations on aurorte, 70 
Zbilaer, on causes of variability, 473 
relative ages of stars, 3 12 
views on auronw, 72 
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